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(57) The invention relates to a process for preparing 
a flexographic printing plate from a photosensitive ele- 
ment having a photopolymerizable layer and a thermally 
removable layer on the photopolymerizable layer. The 
process includes imagewise exposing the photosensi- 
tive element and thermally treating the exposed element 
to form a relief suitable for use in flexographic printing. 
The thermally removable layer can be transparent or 
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opaque to actinic radiation. The invention also relates 
to a photosensitive element for use in this process. The 
photosensitive element includes a photopolymerizable 
layer and at least one thermally removable layer having 
a filler and a binder, wherein the binder is less than 49% 
by weight, based on the total weight of the binder and 
filler. 
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EL 3 u ?" ' at8S t0 a pf0Cesa for maWn9 a flox °9raphic Printing plate. In particular, the process forms 

plate using a photosensitive element having at least one thermally-removable layer on at least one 
zeble layer and hea ng me element to form a relief surface suitab^^ 

SSHZl »• continuous web of plastic films. Olographic printing plates can be prepared from plT 

opolymerizable compositions, such as those described in U.S. Patents 4,323.637 and 4,427,759. ThrZolTyW 
izable composes general^ comprise an elastomeric binder, at least one monomer and a photolnK p^ os?n- 
rr By 3 layW ° fm P^'^^zable composition Interposed bleen a ^Sp P o^ a Ta 
coversheet or a mulblayer cover element Flexographlc printing plates are characterized by their ability toc^sslSor 
W^ure to actinic radiation. Typically the plate is uniformly exposed through 2 of STZ to 

IZSl d r°Tl aCtiniC radiafl ° n - NeXt> a " ,ma9ew,se ex "° sure SJfcnMM. "f?p£ Hs maSetnSgtan 
L™^*? 9 or a ^16, such as a photographic negative or transparency (e.g silver haSe Wm) Inside 

a vacuum frame to ensure intimate contact of the artwork to the plate surface. The plate te exposed to ^ 

a^rSr (UV> ? 252! aCtiniC radiatfon 6ntera 916 P^sensi«ve Kl^ESS 
STSSirSZ *2££*!!2 enterin9 WaCk w ° paque are83 - ^ -P^ed material crasslinks 
^iH^T^ ^ , l S6d dUnn9 ' mag8 devel °P me "<- The unexposed, uncrosslinked photopolymer 

areas undo the opaque regions of ihe transparency remain soluble and are washed away with a suitable solvent 

£ne? tackiness. After all desired processing steps, the plate Is mounted on a cylinder and used for printing. 

CS oeZTs J2f nB *" ** e ' ement 8 S0,U,i0n are tima si "^ drying for ex- 

tended period (0.5 to 24 hours) is necessary to remove entrained developer solution. In addition these develooina 

UfJIi. 7° ! VOid *! Pr0b ' emS ^ S0,UU ° n dewto Pment. a "dry- thermal development process may be used In a 
IZESSF"? TT' T photosens,flve whi <* has been imagewise exposed to actinic raids 
Tt^Tn? 8 » f ^ ma l eria ' 81 3 temperature sufflcierrt to * a composition In the unexposed portions 

e ^T^nSTS^^v^^^?^ f W int ° a " abSOrt>en, materiaL 866 US - Patents »5M03KE 
S^tSflf '2! ( ! * ' >0 2 (MartenS): 5 ' 215 ' 859 (Martens): and 5 ' 279 ' 697 ( Pete ™>" «» al ). In all these 
^JSS T* 9 eXpOSU ? ' S o 01 *""** wit * a silverhalkie film target In a vacuum frame. The exposed porttons 
l 8 ^ 6 * la f r rema ' n hara - ««* fe . d ° "°« a <>ften or melt, at the softening temperature for the unexposed 
portons. The absortent matenal collects the softened un-irradiated material and then is separated and/or removed 

eZL?£ £2 ! V « ° f heati " 9 ^ C ° ntaCUn9 * e **«""»» .ayer may needTS rap^eo 

sSLt^ , ° SUffi f' entty ™™ V * •» M * composition from the unirradiated areas and forma relief 

ESeTJr!^^ 

!o^Sn^!h Ph ? t0SenS '! Ve el ! ment f0r fl0X09ra P hic usa ^^es one or more additional layers on the pho- 

topolymerlzab e layer on the s.de opposite the support, that is. sandwiched between the photopolymerizable layer and 

^Z^l™^Z?r?T 0n * ^ bS ' f ° r ,nS,anCe - 3 re,6aSe ,ayer ^aseTn removing thX^ 
\ZZl L . > , e , XP ° SUre ""'^ VaCUUm ' an e,astomeric ^PPi^ 'aver, or a radiation opaque 
^ P QUe Ver ' 8 " Sed fo f0rm a mask /n sltu on or above Photopolymerizable layer Since flie 
radiation opaque layer typically is also sensitive to infrared-radiation, the radiation opaque layer is exposed ^nVagTJee 

^l^ZLTr t0 f ° rm ^r 9 * °" *• P" 0 ^^ layer, i.e.. the?* s/ Jmask SSSSSS 
XSSTSSSS^ ° r 5 ^ infrared SenSitiVe layer radiaaon ^ fr0 ^ *• P^osen- 

eSTsSSS JSJffSSJ ' " i PatentS 5,262,275 and 5 ' 719,009; Fan in EP 0 741 330 * and Van Z<«ren 
SS2£T1 * '? ; . L °? SeleCtlVe,y tranSfCr 1,16 infrared sensttiv9 matenal onto * a Photopolymerizable layer 
n a t d ' 8d0Sed by Fan St aL in U S - Pa,a n«5.607.814; and Blanchett In U.S. Patents 5 766 819- 5 840 46* 
and EP 0 891 877 A. One or more barrier layers may also be present between the photopolymSe taSrSdS 

after, theelement is overall exposed with actinic radiation through the maskand then wet processed, that is in a solvent 
or aqueous solution, to form the relief as described above. 

Eni S H Pa if "! 5,88£ if ^ diSCl ° SeS 8 P hotosensi « ve e ' a ment having an overall layer of powder material on a 
tSSZ SIS r 7,16 'T ParUCU,ate ma,eria ' 08,1 be 0pac " ue or transparent depending on desl ed use 
tS^X^S 03,1 T 33 3 re,6aSe ,8yer fW ^ P hotosensl « va e ' a ^- The opaque powder layer 
can function as the rad,ation opaque layer for the photosensitive element as explained above. The powder material 
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1km ■« ° 6 f 5 471 ** diSC,0ses thermally d «velopabte flexographic printing plates having a release laver an « 
allhydroxyalkyl ce lulose compounds were appropriate as the release layer for thermally dZLd olates Hvd^ 

ep m 0 see i^ fl ^ a r ecu,ar wei9ht was to ° ^ at •» *** *A^SEC>^ 

2™,, U ' 8 ' Pa ^ n ' 3 '°« 0 - 024 *«*>••• a photopolymerization process for reproducing Images using a thermoolastic 
elementcomposedofathermoplasticorganlcpolymer.anemylenlcally unsaturated^ 

group and a photolnltlator. In the process, the thermoplastic elemenTis exposed EKSSES^taE 

2 haated to *• *<* temperature, and dusted I^^ilS^ 

^T!** 054 * areaS *" b6Come duri "9 haa «"9 ^ep, and 2LSo2£ 

^S^S!!Z!l^TT^ t T ° 00lin9 * r0Om temperature - Then *»« surface S 

8 8eparate ima 9 e ^cepttve element at a transfer temperature of at least 40>C 
Transfer temperature Is the temperature at which the image areas stick or adhere wtthln 10 seconds uSlr Johi 

2ZT£ Hi TZf" iS , be,Ween 40 and 1 70 ° C - ^ thermoplastic element S SltS 
element so that the particles and an adherent portion of the unexposed image areas transfer to Z surtax ofme 

2E2?JST ^f 00688 ° f h8atln9 ' dUS, ' n9 ' COntacBn9 and heati "9 be rep^L muSe^mis to 
provide copies of the image. Example XII discloses using carbon having a particle size of 73 micTOmeters ^ th« 

122 T l t ^ T*™ 6 areaS ° me P"°topolymerizedlaye?vI me «^2S!!S£2 
JSSWK aSSS? reHef ima96 ' ^ miCr ° me,erS <3 mi ' S) " ^ ~ 

22 U ' 8 ' Pate ? t 3 '°i 0,025 d,Sd ° SeS 8 pr0Ce8S Similar 10 *« of U S - 3 ' 060 '024. except that the particles can be 
ZZtZZZST* f ^ UP0 " M t0 *• unax ^ ad areas W no. the exposed a/easMtS 

fuTJ h tTc T? aPPl,Catl0n ° f h6at - Bindere ma * 66 used to adhera «,ated particle layer t^ sup^rt 
surface. For both U.S. Patent 3,060,024 and 3.060.025. the thermoplastic element is imagewise exoosed SETS 

SSST Par8C,eS " 3 ^ ,ayer ^ ^ Partd6 fe " 0t >~« d «nng7elTg^ £ 

£2. 5J££? '^l? dfeC,0SeS P hoto P° | y me,2 able relief printing plates developed by a dry thermal transfer 
f^f ^ ' S made 8 P^^'y^a^able printing element composed of a polymeric binder™ efrvlen 
SeZZ^ZZrT' a S! Pnotoinifiator. The process includes^sing ZpJotopoK 
22T72 9h !T ima 9 e * eari "9 transparency, heating the element to a temperature between the flow^m- 
22?, eXP °. Sed and 1,16 Unexp ° Sed areas ' and absorbin 9 mo| te" unexpose^ateriaTinTa ^porous maWx 
£22 Pr T,?^ nt ° T . COntaCt *• e,ement and me ^ maWx ale ™"«- The heeling operating 'tempeitore ^ 
be^en40 and 260'C. The photopolymerizable layer of the element may include dyes and pigmen7as3a7RreS 
or rejifordng agents of sufficiently small particle size to penetrate the porous material 

5 ?75 07 f V a 6 nd 5°2?S IZFSl!?"*" °' fleX09raphic P |a,es was disc ><* ad "V Martens in U.S. Patents 5,015.556; 

5,2 ^' 8 f ' t" 6 ^ was no comparative analysis of the differences in plate performance between the 

ITSS/Sr^ P 8 ° IVent Pr0C6SSed P ' a,eS - Drama,ic reducUon ln P ,at a Performance S ^een found 

r m z h ! r ,pr ^ 88in9ofp,ates probiemshaveaisob ^ 

elemenb having the one or more additional layers on the photopolymerizable layer. The addi««wnavera 
oJrllT^ ^ 6 f a " 9 at temperature 8ufflclan, to «*»•" < or ma «) to rerno'eT^^ 
2 ™ 5h ? P T eri2 f !* l ayer A " w Part8 of me addi,,onal ,a y ara ma V rer " al " «n the photosenXTme^evS 
?Ie ZK n 7? 8 ^f"", 9 , and ( contac,ln 9 ^ an ab *orbant materia, that are conducted in thermal 222? 
and add,U °" a ^ e : /s ramain ^ «hermal development can alter the relief depth, 22Zh 

SS^SH Vi ? ^ "? re /° re detremen,a »y lm P ac « P^ting performance of the plate. P ' 

ESh ^! 8 deslreab,a to "***•*• Hme and temperature at which the photosensitive element is held 

of the line .mage areas on the plate. Yet the desire to minimize time and temperature for mermal develODmen must 

issss^s: need ,o remove (ie - dean ° ut> *• u "p^ d ~ less 

layer Including the fine reverses as well as remove the one or more additional layers The unoolvmarfc T™* 
be removed to form sufficient printing relief to use the element as a plate. CSSulTZ 
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particularly from the surface and In between .fine reverses in order for the plete to have quality printJna of hiahimw 
fine lines, mid-tones end fine reverses. Thus, a thermally processed LSe ZS ^^ 
processing latittude and excellent printing quality regardleL^Z Sg! P ™* fl00d 

SUMMARY OF THE INVENTION 

[0013] It is an object to provide a process for making a flexographlc printing plate in which one or more additional 
^yeradisposedaboveaphoto^ 

portions of the photopolymerizable layer upon theimal development unexposed 
[0014) It is another object of this invention to provide a photosensitive element having one or more additional la^ 

KTiI l! S l Tj* 1 ? 1 of mls ,nven « on to P«>vWe a process for making a flexographlc printing plate that reduces 
^rma, deveiopment at a developing temperature suitable for removal of unpolyrnSbed Zont 51 

SSSrtr^S: l yW a K S - We " 88 °" e ° f m0ra add,tional tey8rs 00 * e PhotopdymerizawVteyeT 
SI? h ,1 " fa ** ob e * of *>* '"vention to provide a photosensJe element suitable fcXrmal development 
wWchhas good processing tejtude and provides quality print performance regardtess of screen m| ^ a,deve,0pment 
[0O17J m accordance with this invention there is provided a process for making a flexographlc prinUno olate ««w 
(tffeing providing a photosensitive element which comprises at least one |*ohp5!3KX Z£Z ZZ 
TZ^^VT**^ TIT m0n ° mer ' ^ 3 P^inftiator'and HSSS 2£ 

^ T ?^ U9 ,ayer COmpri8)n8 W at teast «* Whwrd absorbing material, (ii) a radiation opaqSe 
material, wherein (I) and (ii) can be the same or different, and at least one binder having a sotte^gTrnSlS^ 

Eln £ ^ 1 fCS W ! ' ay r ° f 8 COmP ° Siti0n COmprisins at ,east — b,nder ™« «». ^e°n 

less ftan 49% ^by weight based on the total weight of me binder and filler, and (c) a layer of particulate material halg 

r * 8n 23 , micrometere - 1118 I""— Eludes imagewise exposing the P hotorx^eri2we la^ to 
actinic radiation forming polymerized portions and unpotymerized portions and mermally freatingttTe imagewSTex- 

V he8t,n9 l ° 3 ^^tore sufficient to remove the thermally removable layer and to ramovt toe 
unpotymerized portions of the photopolymerizable layer and form a relief 

Col„ , h i , a n^? an ? t Wi,h an0th8r f* 8 * ° f ^ inVenU0n there is a Photosensitive element for use as a 

flexographlc printing plate compnsmg (a) at least one photopolymerizable layeron a support comprising an elastomerie 

capable of melting, soften.ng, or flowing at a treating temperature of at least 40°C, and (b) at leastone toemnallv 

ZZZXSZlT? 8b r r | P hotoP ° ,y,T,eri2ab,e Wherein removable ta^pZsS 

least one binder and a filler, wherein the binder Is less than 49% by weight based on the total weight of the binder and 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

£™L™ f^f "if T 7* pr8par8S a flex °9 ra P hic P**ng from a photosensitive element 

.ZEIS? ! L P f P0,y T!? abte 1 ^ 8nd at ,6aSt 006 therma " V removaWe ,ayer thereon and includes the steps of 
imagewtee exposing and thermally treating to form a relief surface. The photosensitive element Is able to withstand 
£Z£ associated with thermal processing. Uncured portions of the photopolymerizable layer as wTasfoe 
therma ly removable layer/s thereon can be effectively removed to provide a relief plate suitable for high quality fie* 
ographlc printmgjn addition, the photosensitive element used in the present process is able to ^SdSS fine 

Z %£ZZ, h I , 8 detri r nta ' t0 *• fine features of *» pla,e and/or a su PP° rt for •» element AddlttonX 
! f T * ,ay8r ° f *" P hotosansi « v a elements useful in this invention can be effecZy 

Zrli wIT CyC,88 ,° f h8aUn9 8nd C ° n,aC,in9 and/or at ,ower temperatures. Also, the photosensitive 
element provides wide exposure and processing latititude. 

I!,mn 0 LI h . 8 n fir !. t St8P 61 "'!, Pr !? 8n< Pr0CeSS iS 10 pf0V,de a P h °tosens'«ve element. The photosensitive element 
STSS^S . ' k?^ 81 ,98St 008 P^'^an^le layer, and at leas, one thermally removable lay* on 
~ ,8 r ^ US8d herein> 1,18 term "P hot ^erizable" is Intended to encompass systems Z 

^^ n ^l? a ?^ Ph . 0t0Cr0 ! S,inkabl8 • ° r b ° th - The P^polymerizable layer Is formed of a Somp^clT 
prising a *ermoplastJc binder, at least one monomer and a photoinitiator. The thermoplastic binder is preferabXTs 

ultraviolet radiation and/or visible light. The photopolymerizable composition Is capable of partially liquefying upon 
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thermal development. That Is, during thermal development the uncured composition must soften or melt or flow at a 
n3££ 9 ° f deVel ° Pln9 te,nPerah,re bUt "* be 8Ub,eCt ,0 "** flW ' , e - ^^e^onal ^eS 
[0021] The thermoplastic binder can be a single polymer or mixture of polymers. Binders Include natural or synthetic 
polymersof conjugated Idiolefin hydrocarbons, Including polyisoprene.U-polybutadlene.l^-polybutadlene.andbuta- 
diene/acrytonitrile. Preferably, the thermoplastic binder is an elastomerlc block copolymer of an A-B-A type block co- 
polymer, where A represents a non-elastomeric block, preferably a vinyl polymer and most preferably polystyrene, and 

ers of this type include poly(styreneflsoprene/styrene) block copolymers and poly(styrene/butadiene/styrene) block 
copolymers which are preferred. The non-elastomer to elastomer ratio is preferably In the range of from 10:90 to 35- 
65. Most preferably the thermoplastic elastomerlc binder is a mixture of at least two poly(styrene/isoprene/styrene) 

of at least 60% by weight of the photosensitive layer. 

[0022] The term binder, as used herein, encompasses core shell microgels and blends of mlcrogels and preformed 
macromolecular polymers, such as those disclosed in Fryd et al., U.S. Patent 4.956,252 and Quinn et al.. U.S. Patent 
Of 7 07,7 73. 

[0023] Other suitable photosensitive elastomers that may be used include polyurethane elastomers. An example of 
a surtable polyurethane elastomer Is the reaction product of <i) an organic diisocyanate. (li) at least one chain extending 
agent having at least two free hydrogen groups capable of polymerizing with Isocyanate groups and having at least 
one ethylenical^r unsaturated addition polymerlzable group per molecule, and (Hi) an organic polyol with a minimum 
molecular weight of 500 and at least two free hydrogen containing groups capable of polymerizing with isocyanate 
groups. For a more complete description of some of these materials see U.S. Pat No. 5,015 556 
[0024] The photopolymerizable composition contains at least one compound capable of addition polymerization that 
is compatible with the binder to the extent that a clear, non-cloudy photosensitive layer is produced. The at least one 
<x>rnpound capable of addition polymerization may also be referred to as a monomer and can be a single monomer or 
mixture of monomers. Monomers that can be used in the photopolymerizable composition are well known In the art 
and include, but are not limited to, addition-polymerization ethylenically unsaturated compounds with at least one ter- 
minal ethylenic group. Generally the monomers have relatively low molecular weights (less than about 30 000) Pref- 
erably, the monomers have a relatively low molecular weight less than about 5000. Examples of suitable'monomers 
include but are not limited to. t-butyl acrylate, lauryl acrylate. the acrylate and methacrylate mono- and poly-esters of 
alcohols and polyols such as alkanols, such as hexanedicl diacrylate and hexanediol dimethacrylate; alkvrtene glycols 
such as ethylene glycol diacrylate, ethylene glycol dimethacrylate, and diethylene glycol diacrylate; trimethylol propane' 
such as trimethylol propane trlacrylate; ethoxylated trimethylol propane; pentaerythritol; dipentaerythritol; polyacrylol 
obgomers, and the like. If a polyacrylol oligomer is used, the oligomer should preferably have a molecular weight greater 
than 1000. A mixture of monofunctional and multifunctional acrytates or methacrylates may be used. Other examples 
of suitable monomers include acrylate and methacrylate derivatives of isocyanates, esters, epoxides and the like 
Monomers can be appropriately selected by one skilled in the art to provide elastomeric property to the photopolym- 
erlzabte composition. Examples of elastomeric monomers include, but are not limited to. acrylated liquid polylsoprenes 
acryteted I quid butadienes, liquid polylsoprenes with high vinyl content, and liquid polybutadienes with high vinyl con- 
tent (that is, content of 1-2 vinyl groups is greater than 20% by weight). Further examples of monomers can be found 
in Chen U.S. Patent No. 4.323,636; Fryd et al., U.S. Patent No. 4.753,865; Fryd et al.. U.S. Patent No. 4,726,877 and 
Feinberg et al.. U.S. Patent No. 4,894,315. The compound capable of addition polymerization (monomer) is present 
In at least an amount of 5%, preferably 10 to 20%, by weight of the elastomeric composition. 
[0025] The photoinitiator can be any single compound or combination of compounds which is sensitive to actinic 
radiation, generating free radicals which initiate the polymerization of the monomer or monomers without excessive 
termination. Any of the known classes of photolnitiators. particularly free radical photolnltiators such as qulnones 
benzopnenones, benzoin ethers, aryl ketones, peroxides, bllmldazoles. benzyl dimethyl ketal, hydroxy! alkyl phenyl 
ace ophone, dlalkoxy actophenone, trimethylbenzoyl phosphine oxide derivatives, amlnoketones, benzoyl cyclohex- 
and, methyl thlo phenyl morphollno ketones, morpholino phenyl amino ketones, alpha halogennoacetophenones ox- 
ysulfonyt ketones, sulfonyl ketones, oxysulfonyl ketones, sulfonyl ketones, benzoyl oxlme esters, thloxanthrones. cam- 
phorquinones, ketocouumarins. Michlers ketone may be used. Alternatively, the photoinitiator may be a mixture of 
compounds, one of which provides the free radicals when caused to do so by a sensitizer activated by radiation 

I £2S J* in !? at ° r ' 8 Se " Sitive t0 v,siWe or u,travlole * radiation. Photolnitiators are generally present In amounts 
from 0.001% to 10.0% based on the weight of the photopolymerizable composition. 

[0026] Optionally, the photopolymerizable layer can contain spectral sensitizing agents. In general, spectral sensi- 
tizing agents are those materials that absorb radiation at a wavelength different than that of the reaction-Initiating 
component, i.e., photoinitiator, and are capable of transferring the absorbed energy to the photoinitiator. Thus, the 
wavelength of the activating radiation can be adjusted. ' 
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inhibitors, colorants, J£*n. aSs^ •"•«- polymertzaHon 

low molecular weight polymers compatible with the 7^!'^ . ^ a,ds may be sucn """as as 
Phamethylstyrene polymer or omS il^nSJ^ J lock ^mer, such as low molecular weight al- 
Sultable antioxidants indude^'S T**' nort >°™"<* 1 and vegetabte oils, 

ryl thioproplnoate. P *' alkVtate<> bis P henols . Polymerized Mmethyldihydroquinone, and dilau- 

liquid polyisoprene. Generally iS^^JS^T^^ q polydlenes, e.g., liquid polybutadiene; and 

molecularweights up to^&wtZ^^ZV^ "VS ° f ,6S8 about 5000 ' bu * «" »ave 
mar. about 30,000. aDOUt30 ' 00a Plas «^ers having low molecularwelghtwHI encompass molecular weights less 

Sble^ 

fcruseinmep,Lnt,n3 

thermal development to form a relief s uTco ^ 

cm or greater). For so-called -thin Mmr^^S^f^!^ ?' 9reat6r (about 0025 «•» to about 0.64 
to 0.067 ind.es (about O O^To a^r e C mWreT ,,0n ^ ^ ^ 0 010 

SI A^a^^^^ * «**■—"• dements used ,o 

flash" expc>sureXough me Lp^ 

by addiZ^^ers and l^eaSdS^^ 

«ons, metels such as aiuminum may To b"^ 
radiation.Apreferred support isapoJesterfiL pTrt^ 

be in sheet form or in cyHndrica! fonTSS las' ^Svf Kl? P^^" 8 terephthalate. The support may 
layers of flexibte material FleSeTev^ade o?^2r fit! *T ed ^ 8 8in9 ' e ,ayer or 

ultraviolet radiation and therebv a^rZIL k! ? P 0 *™ 6 " 0 films are Preferred, as they typically are transparent to 
^efcyeredsl^ 

multiple layered sleeve as disdosed in uT^^t^T^Jl ^ ° „ ° materiaL Praferred te a 
actinic radiation blocking materials such as ^7^i==f! -r^ may 3,80 68 018(16 °' "on-transparent, 

0.060 inch (0.0051 to 0.127 el) A p^t^l K££?£J?T ?, 9 T" 1 tyPiC8 " y haS 8 tn,ckneS3 "om 0.002 to 
Thes,eeveW. fy hasawaTm.cre^ 

the cylinder form is 10 to 40 mils (0.025 to 0 10 cm) } ^ Prefered Wa " ,hickness 

SeoKlJ^ 
layeronmesurlaTofme^ 

disdosed in U.S. Patent 2.7W tZv^s^fJZfZ °Ll 0r primer or a " anchor layer as 

The adhesive c*mposiflon^^ 2*22 T° 

me support on which the photopdymertzable averred ? I f ^° ,,Ve - A,temative, y. m « surface of 

and fl,e photopdymerizab'.e lam wTth^ 2215 Prcm ° t8 adh6S, ° n *° W« 

slonofthe PhotofX)lymerizableWertomesu^cr^!!? ^fr 63 *" 16 " 1 - corona-treated. Further, the adhe- 
the support as dEed by FelnCeTa^ 

The layers of material are then pressed flat bv tt« ^SSZ « T . T°, ^ twn P orar y coversheet in a mold. 
Ivmerizable elements may be prepared £££ h^" - * PreS8Ur6 - Cy " ndrical seam,ess P hoto P°- 

Patent 5,798,019. 9 to . m9thod and ap P aralus disclos «» by Cushner et al. in Its. 

Scfl^FlTCh^ 

topolymerteable laye ^ , etaSnSo JlSS * ^2? " elastomaric ^PP'^ "av^ on the at least one pho- 
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5TJ S ? 5 f ^ POlymer,C ""^ an ^t^ 31 second P°^ ric a " d oP«onally 
SSS? 1 ? Comp03ttion ™ 8,80 contain a monomer or monomers an! a S 

tokridaflng system. The elastomerlc polymeric binder In the elastomerlc composition Is generally the same asor slmttTr 
to MM. ; Unto present In me photopotymerteaWe layer. The elastomerie capping layer !s Scat paTo^ 

SSS^l S 1 , ""^ ^ ° f ^ Ph0t0sens,tive P rf "«"9 alement during Ide^ZpC 
n ; Such 1 mult,la V er cover elements and compositions suitable as the elastomerlc capping taywat 
SL^J^ et ^' U - S - 4 ' 427 r69 « nd 4.460.676. Although the alastomeric cap^ teyer n2 
P hotor f ^components, the layer ultimately becomes photosensitive when Tn contaS 2 me 

SZSfCSST f^' UCh * UP0n ,ma98Wlse exposure to acUn,c radlat,on ' ^o alastomeric capping layeVhas 
S2Sit^ PO fT e ? at,0 . n or CT08s,,nk,n » have occurred end portions which remain unpolymeS I e T 
crosslinked. Thermal treating at the developing temperature causes the unpolymerized portions of t^elas omeric 
cawing layer to soften or melt or flow along with the photopolymerlzable layeVinorder to form Z X surfacT^ 
ea^eric capping^ 

0 ftl 5« Ph0 ^ J lT e,l2able ' ayer and Decomes ^o achjal P""«"9 surface of the printing plate. P0,ymerf2ed areas 
£035] The photosensitlveelementincludes at least one mermallyrBmoveablelayeronthephotopolymerizablelaver 

leasTlTir^ US6 ' H the tt,ent,a " y rem ° Vab,e ' ayer maV 06 ^ » to acTcrdX S 

imL to TZ? rem ° Vable ^ ^ h8Ve 006 w m0re ft,nCfl0ns for *• Photosensitive element including buTno 
limited to, a release layer, an actinic radiation opaque layer, a barrier layer (typically in conjunction with the acSnte 

toaensmve element The thermally removable layer should be substantially Insensitive to the radiation that inducS 
photoreaction in the photopolymerlzable layer, which typically is ultraviolet radiation 

miv at S refa ^if ymeri2ab,e T 306 8fter 6Xposure ln a vacuum **»•■ image-bearing transparent 
TbJS^ ^Zl! ""*• terSet ' ^ ha,ida and P hototo o'.) ^a release layer provides a 

a^S^^f* S l aC9 '° fte typtea " y tecky 8urface of the photopolymerizable layer. The retease layer «n 

? I *T* ** ^ P^PO^anzable layer does not stick to the coversheet. When the theS 
removable layer is funcbonmg as a release layer, the layer is transparent or substantially transparent, i e . insensitive 

or at least a significant portion of the transmitted amount of actinic radiation to the underlying photor^lymerizable layer 
aveTu eisfsu^lr,^ I" 0 " 0 " ^ Photopo^erizabie^aye? The thZally removabte 

^Jfll Z f * ^parent to actinic radiation when acting as an adhesion modifying layer and when altering 
the surface charactenst.es. such as surface roughness, ink pickup, or ink release properties of the photosensZ 

oeS nte r^^t r ^f™ 8 *™™* ™*1 ™» matte agent in the phototool assures intimate contact 
oetween the phototool and the element upon exposure in vacuum 

SnJl^ f ^T* 6 * sub8tan «ally opaque layer is one in which the amount of actinic radiation 
^Z? 6 ! t ^oPo^arizable layer is so minuscule that no significant amount of photoindS 

reaction occurs In the photopolymerizable layer. When acting as the actinic radiation opaque layer, the thermally^ 
sZSeSnT" ^ " "* Parta " y Cowar «" Und9dy,n « P^opotymerizile la er for meXtosert 

Mnn • S 9 ma9 T e 6XP0SUre s,e P- lf ^a actinic radiation opaque layer completely c^versLunder- 

222SJ2ZS^^ 8 t rad ' aton W ,ay8r 18 fi,St remOV9d ima 9* wi aa ^ <be photosenstive 
J Photopolymerizable layer. The thermally removable layer as the radiation opaque layer forms 

radtaZ P h0, rr^ e e ' ament f ° r ima9ewise ex P° sure of *° Photopo.ymerizable layer. T^e actinic 
wTrtTZtSlZ W °f y 18 8,80 r,^ 6 ! ° ,nfrared radiaUon 18 used to f orm the In situ mask. The In situ 

SSS Hi 1 T ^ °1 fr ° m *• Ph 0 ***^ alement. imagewise transfer of the radiation opaque layer by 
nK2 SS?°"k^1? 8 d0nOf alement to *• Pnotosensitive element, imagewise adhesion balance change bj 
nfraradlaserradiationbetweenesubsfrateandthephotosensitiveelementandlnigetapplicattonmem^ 
to use more than one layer (thermally removable) to form the actinic radiation opaque layer. wZSS ttoSf 
movabtelayerlstheactinicradiati 

KL T i! thiCkneS$ i° f ^ therma " y removab| a layer should be in the range suitable for its Intended purpose. When 
L s hT? 7 moveable ,ayar 18 acU "9 88 108 "lease layer, the thickness is less than 26 m^meta*; preferably 
less than 15 micrometers. When the thermally removable layer is acting as the radiation opaque layer, me thickness 
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should be in a range to optimize both sensitivity and opacity, which is generally from about 20 Angstroms to about 50 
micrometers, preferably 20 Angstroms to 25 micormeters. For photosensitive elements having more than one thermally 
removable layer, me total thickness of the layers should be as thin as possible, that Is, less than 75 micrometers, 
prefereabiy less than 50 micrometers. ' 
[0039] The thermally removeaWe layer is selected from the group consisting of (a) an actinic radiation opaque layer 
comprising (i) at least one Infrared absorbing material, (II) a radiation opaque material, wherein (I) and (ii) can be the 
same or different, and at least one binder having a softening or melting temperature less than 1 90 «C; (b) a layer of a 
composition comprising at least one binder and filler agent, wherein the binder is less than 49% by weight based on 
the total weight of the binder and filler agent, and (c) a layer of particulate material having particle size of less than 23 
micrometers. Depending upon the selection of materials used In the thermally removable layer (b) and (c) the thermally 
removable flayer may function as a release layer, protective layer, surface altering layer, adhesion modifying layer, or 
as a digitally imageable layer, l.e., an actinic radiation opaque layer. 

[00401 The thermally removable layer of the group (a) is an actinic radiation opaque layer comprising (I) at least one 
nfrered absorbing material, (li) a radiation opaque material, wherein (1) and (Ii) can be the same or different, and at 
east one binder having a softening or melting temperature less than 190°C. The binder for the thermally removable 
layer (a) is at least 51 % by weight, based on the total weight of binder, the radiation opaque material and the Infrared 
absorbing matenal. Since the binder is present in greater proportion than the radiation opaque material and/or the 
infrared absorbing material, the thermally removable layer (a) fomis a continous film disposed above the photopolym- 
erizable layer. 

[0041] To the extent that the following binders have a softening or melting temperature less than 190"C, the binders 
which are suitable for use in the ectinic radiation opaque layer (a) include, but not limited to, polyamides, polyethylene 
oxide, polypropylene oxide, ethylcellulose. hydroxyethyl cellulose, cellulose acetate butyrate, ethylene-propylene-di- 
ene teipolymere, copolymers of ethylene and vinyl acetate, copolymers of vinyl acetate and vinyl alcohol, copolymers 
of vinyl acetate and pyrrolidone, polyvinyl acetate, polyethylene wax. polyacetal, potybutyral, polyalkytene, polycar- 
bonates, polyester elastomer, copolymers of vinyl chloride and vinyl acetate, copolymers of styrene and butadiene 
copolymers of styrene and isoprene, thermoplastic block copolymers of styrene and butadiene, thermoplastic block 
copolymers of styrene and isoprene, polyisobufyiene, polybutadiene, poiychloroprene, butyl rubber, nifrile rubber ther- 
moplastic polyurethane elastomer, cyclic rubbers, copolymers of vinylacetate and (meth)acryiate, acrylonrtrile-butadi- 
ene-styrene terpolymer, methacrylate-butadiene-styrene terpotymer, alkyl methacrylate polymer or copolymer, copol- 
ymers of styrene and maleic anhydride, copolymers of styrene and maleic anhydride partially esterified with alcohols 
and combinations thereof. Some of the above materials, particularly Ihe copotymeric elastomeric compounds do not 
have a actual softening or melting point, but rather transition from a viscous or rubbery condition to a hard relatively 
bridle condition which is expressed as a glass transition temperature, Tg. Preferred binders having a softening or 
melting temperature less than 190°C include polyamides, polyethylene oxide, polypropylene oxide, ethylcellulose, 
hydroxyethyl cellulose, cellulose acetate butyrate. ethylene-propylene-di6ne terpolymers. copolymers of ethylene and 
vinyl acetate, copolymers of vinyl acetate and vinyl alcohol, copolymers of vinyl acetate and pyrrolidone. polyvinyl 
acetate, polyethylene wax. polyacetal. potybutyral. polyalkytene, polycarbonates, cyclic rubber.copolymers of styrene 
and maleic anhydride, copolymers of styrene end maleic anhydride partially esterified with alcohol, polyester elastom- 
ers, and combinations thereof. 

[0042] Materials suitable for use as the radiation opaque material and the infrared absorbing material include,but 
arenot limited to, metals, metal alloys, pigments, carbon black, graphite and combinations thereof. Mixtures of pigments 
in which each pigment functions as the infrared absorbing material, or the radiation opaque material (or both) can be 
used with the binder. Dyes are also suitable as infrared absorbing agents. Examples of suitable dyes include poly 
(substituted)phthalocyanine compounds; cyanlne dyes; squaryiium dyes; chalcogenopyryloaryiidene dyes- bis(chal- 
cogenopyrylo)-polymethine dyes; oxyindolizine dyes; Ws(aminoaryl)-polymethine dyes; merocyanine dyes; croconlum 
dyes; metal thlolate dyes; and quinoid dyes. Preferred is carbon black, graphite, metal, and metal alloys that functions 
as both the Infrared absorbing material and the radiation opaque material. The radiation opaque material and the 
mfrared absorbing material may be In dispersion as described below to facilitate handling and uniform distribution of 
the material. Typically, the radiation opaque material and the Infrared absorbing materials have melting temperatures 
above the treating temperature. 

[0043] The thermally removable layer of the group (b) is a layer of a composition comprising at least one binder and 
filler, wherein the binder is less than 49 % by weight based on the total weight of the binder and filler. The binder for 
toe thermally removable layer can be from 1 to 49 % by weight, based on the total weight Since the amount of binder 
In the thermally removable layer (b) is less than 49% by weight, the filler Is present at least 51 % by weight based oh 
the total amount of binder and filler In the layer (b). The filler In the thermally removable layer (b) of at least 51% by 
weight forms a discontinuous layer with the binder. The thermally removable layer (b) being a discontinous layer is 
particularly useful when the binder for layer (b) has a melting point or softening point above 190*C. During thermal 
treatment, the application of heat and contacting with the absorbent material, preferably with added pressure, aids in 
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the formation of mlcrocracks In the discontinuous layer so that the thermally removable layer and the underlying un- 
polymerized portions of the photopolymerizable layer can be thoroughly removed during treatment Mlcrocracks are 
breaks, fractures, or cracks which are small, that Is, on the order of micrometers or significantly less In size. The filler 
or an Inorganic dispersion of the filler, will not form a film by itself. Generally, a binder alone is capable of forming a 
film. But when the binder has a melting or softening temperature above the treating temperature (I.e., greater than 
200°C) and forms a continuous layer with a fHler (that is, the binder is in a greater porpbrtlon to the filler) on the 
phptopolymerizable layer, the layer does not melt, soften, or flow during thermal treating and results in Incomplete 
removal of the resulting layer and/or the unpdymerized portions. Binders having a melting point or softening point 
below 190 °C are also suitable for use In the thermally removable layer (b). Thus, the melting point or softening point 
of a material or materials in a layer disposed above the photopolymerizable layer is no longer a limitation of a photo- 
sensitive element for use in a thermal development process. (See Examples 7 and 8.) It Is also possible to Include one 
or more additional binders with the binder of thermally removable layer (b). The coating thickness of the thermally 
removable layer (b) should be less than 50 micrometers, preferably less than 25 micrometers. 
[0044] Binders suitable for use in the thermally removable layer (b) include, but are not limited to, polyvinyl alcohol, 
poly(meth)aaylic acids, metal alkali salts of poly(meth)acrylic acids, amphoteric Interpolymers, hydroxyalkyl cellulose, 
cellulose acetate, nitrocellulose, polylmldes, polyesters, polyphenylene ethers, polyacrylonitrile, polystyrene, copoly- 
mers of styrene and methacryiic acid, polyvinyl chloride, polyesters, polyacrylamlde, copolymers of imldes and amides, 
polychlorotrifluoroethylene, ethylene and chlorotrlfluroethylene copolymer, polytetra fluoroethylene, copolymers of eth- 
ylene and tetrafluroethylene copolymer, polyether ether ketone, potybenzimidazoles, copolymers of vinylidene fluoride 
and hexafluoropropylene, and combinations thereof. The binders recited above for the thermally removable layer (a) 
are also suitable as binders for the thermally removable layer (b). 

[0045J A dispersant is generally added when a pigment or a filler is present in order to disperse the fine particles 
and avoid flocculation and agglomeration. A wide range of dispersants is available. Suitable dispersants are the A-B 
dispersants generally described in "Use of A-B Block Polymers as Dispersants for Non-Aqueous Coating Systems" by 
H. K. Jakubauskas, Journal of Coating Technology, Bol. 58, Number 738, pages 71-82. Useful A-B dispereants are 
disclosed in U.S. Patents 3,684,771; 3,788,996; 4,070388, and 4,032698. The dispersant Is generally present in the 
thermally removable layer in an amount of 0.1 to 20% by weight, based on the total weight of the layer. But, the amount 
of dispersant for the filler is not included when determining the weight percentage of the binder or the filler in the 
thermally removable layer (b). 

[0046] The filler can have color or be colorless. If the filler has color, it is preferred that the thermally removable layer 
(b) should be opaque to actinic radiation. Materials suitable for use as the filler include mineral fillers, such as, calcium 
carbonate, kaolin, feldspar, synthetic silica, natural silica, talc, silicon carbide, aluminium oxides, beryllium oxide, iron 
oxide, lead oxide, magnesium oxide, titanium oxide, zinc oxide, zirconium oxide, glass with or without surface treatment, 
sulfates, sulfides, silicates and titanates; metallic fillers, such as iron, steel, aluminum, copper, nickel, silver, zinc, lead, 
metallized glass; metallic alloys, such as, zinc and copper; flame retardants, such as, antimony oxide, alumina Why- 
drate, phosphorus; organic fillers, such as woodflour, starches and synthetic materials such as crosslinked particles 
of polymethylmethacrylate; carbon black; graphite; pigments; and combinations thereof. Fillers may also function as 
infrared absorbing materials and uv absorbing materials. Preferred are carbon black, graphite, silica, metallic fillers, 
metal alloys, pigments, and crosslinked organic fillers. It is preferred to use a filler having fine particle size which is in 
dispersion. The particle size of the filler Is less than 23 micrometers, and preferably less than 17 micrometers. The 
shape of the particles of filler is not limited. 

10047] Other additives, such as dispersants, surfactants, rheology modifiers, may also be present in the thermally 
removable layers (a) and (b). 

[0048] The thermally removable layer of the group (c) is a layer of particulate material having particle size of less 
than 23 micrometers. The particulate material is a fine powder of particules in which at least 90 percent by volume of 
the particulate material has a particle size of an equivalent spherical diameter of less than 23 micrometers. It is preferred 
that at least 50 percent by volume of the particulate material has a particle size of an equivalent spherical diameter of 
less than 17 micrometers. 

[0049] For the purpose of determining particle size of the particulate material for layer (c) as well as the filler for layer 
(b), particles are measured with a Coulter ® Multisizer instrument, Coulter Electronics, Inc., Hlaleah, FL The term 
particle size as used herein with respect to the particulate material and filler covers the size distribution of the smallest, 
independently acting unit. The particle size Is based upon an equivalent spherical diameter of each particle. The size 
of particles suitable for use as the particulate material In the thermally removable layer (c) and the filler for layer (b) is 
less than 23 microns (micrometers), and preferably less than 17 micrometers. Based on a volumetric distribution of 
particulate material sampled, at least 90% of the particulate material must have a particle size of less than 23 microm- 
eters, and at least 50% of the particulate material must have a particle size less than 17 micrometers. The shape of 
the particles of the particulate material is not limited. 

[0050] The surface of the photopolymerizable layer opposite the support is an exterior surface which Is tacky or 
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outermost layer must be tacky or substantial vE aS »Sf « P ,T * e e,ement> * e e^or surface of the 
surface of the pMop<^^e^Tlts^ Z °' * ma,erial to the tack V «** 

bibebbi 

£2 m ^ a T!r f ma t ria ' 080 ' nC,Ude additiVe8 to lmprove P° we ' uniform application of the par- 

10057] It was surprising to find that the particulate materials In the thermally removable layer (c) can be sucessfully 
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lay*. The particle size affects the toned density, i.e., degree of packing, and actinic radiation blocking capability of the 
SZS remWa h l ; l9 | layer ' «■ Physical requirements of me photosensSemeS 5^^! 

StJS? ^ t a f d " eSi0n balanC8 betwaen *• removabie layer and me^rXeS e £ 

T ^ ° f 916 SeCOnd e,ement (WtlnB themially removable layer) ma ^SS^SSZST 
22L ^ aMy rem0Vable teyer may be fom,ed above or °" •» of the pno^SetoSXToD- 

£E£ « ° 8 ^ * 1,16 COVerShee, and ^"^^9 to the surface TZp^Zl^T^S 

or form ng as a layer of the multilayer cover element which then becomes an assemblage J?thert£^!E 

ST SSS?* * " aPPUed " tra " Sf9rred to *• Pbotopo JeSbTeC Ph0, ° SenSrt,Ve 

ESih ph0tose " srt,Ve Pnnbn9 e ' ement ° f * e pr8sent invenBon ma V ^rther include a temporary coversheet on 
S r° S , ST ° f ** l**^*- *■"«* ** * *• thermally movable layer One ^t ol fte 
coversheet is to protect the uppermost layer of the photosensitive printing element during storaae andhSSha ST 

^ 83 ^^^Vlene terephthalate fl , m; most prefeLly ihe ZT^MtI 

radiatton through a mask, a mask image may need to be formed on or disposed above the surface of the Dhotonolv 
menzable layer opposite the support The mask includes opaque areas and -clear" areas m^ the C^ 
SZST JT k r V6nt ferial beneath mom being JSn £d 

[0002] Digital methods create a mask Image in situ on or disposed above the photooolvmerizable lavor with i««»r 
USE"? ^ *!•».■"""■* movable layers (a), (b), and (c). which Is c^?SS5^S2^ 
"Wdtoform the /nsrfu mask image. Digital methods of creating the mask Image require oneV^ 

6,e r Pri0f *° ima9eWiSe expo8ure - ^ nera,, y- d '9 itel nlhoi of in situ mSk foTafoSXr 
S^T32JLf: T 8 T PaqUe ^ fr ° m ° r to 8 8Urfaca ° f *• Pho«osensi«ve eleTen £££ 
2223 r , _ *• th9fn ' ally removabl * layer acting as a radiation opaque layer is also sensittve to 
■££U -r! er . to out<hedi 9 ,tal methods for forming the mask image with the preferred mSTaser 

SSaH ^InttSSL^ mete : a,,oy : ft ' nc « 0 " as W '^red-sensitive materia, and SSSSSSS 

S? to? 0M nm ESr^,"!? "2!! USln9 Vari0US * P ** ° f ,nfrared ,asers ' whlch em « •! range 
ImnL 1 ^ f S8rS inClUdin9 ' di0de lasers emitUn 9 in ra "9* 7 »0 *> 2,000 nm and Nd YAG lasers 

emitting at 1064 nm are preferred. If the color of the powder material is other than black (and not 3oaren tt Z 

of the layer and not initiate photoreaction in the laser exposed photopolymerizable laver The m Xm«Jim!l 

£063] In one digital method, the photosensitive element will initially include the thermally removable laveTas a 
radiation opaque layer that covers or substantia.* covers the entire surface of me pholoXXb^ 
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diatton opaque layer Is exposed Imagewise to Infrared laser radiation to form the Image on or disposed above the 
photopolymerteable layer, i.e., the In situ mask. The Infrared laser radiation can selectively remove, e.g., ablate or 
vaporize, the > Infrared sensitive layer (I.e., radiation opaque layer) from the photopolymerizable layer, as disclosed by 
Fan In U.S. Patents 5,262,275 and 5,719,009; and Fan In EP 0 741 330 B1. A material captur/sheet adjacent the 
radiation opaque layer may be present during laser exposure to capture the material as it is removed from the photo- 
sensitive element as disclosed by Van Zoeren In U.S. Patent 5,506,086. Only the portions of the radiation opaque layer 
ttiat were not removed from the photosensitive element will remain on the element forming the In situ mask and will 
become the thermally removable layer for thermal treating. 

[0064] In another digital method of mask formation, the photosensitive element will not Initially include the thermally 
removable layer. A separate element bearing the thermally removable layer as a radiation opaque layer will form an 
assemblage with the photosensitive element such that the radiation opaque layer is adjacent the surface of the pho- 
tosensitive element opposite the support, which is typically the photopolymerizable layer. (If present, a coversheet 
associated with the photopolymerizable layer is removed prior to forming the assemblage). The separate element may 
include one or more other layers, such as ejection layers or heating layers, to aid in the digital exposure process, 
Hereto, the radiation opaque layer is also sensitive to infrared radiation. The assemblage Is exposed imagewise with 
infrared laser radiation to selectively transfer the radiation opaque layer and form the image on or disposed above the 
photopolymerizable layer as disclosed by Fan et al. In U.S. Patent 5,607,814; and Blanchett in U.S. Patents 5,766,819- 
^840 463; and EP 0 891 877 A. Only the portions of the radiation opaque layer which were transferred will reside on' 
mephotosensitive element forming the In situ mask and will be the thermally removable layer for thermal treating. 
[0065] Further, the mask Image may be created on a separate carrier and then transferred by application of heat 
and/or pressure to the surface of the photopolymerizable layer opposite the support The photopolymerizable layer is 
typically tacky and will retain the transferred image. The separate carrier can then be removed from the element prior 
to imagewise exposure. The separate carrier may have a radiation opaque layer that is Imagewise exposed to laser 
radiation to selectively remove the radiation opaque material and form the image. An example of this type of carrier is 
LaseiMasfc© imaging film by Rexam, Inc. Alternatively, the image of radiation opaque material may be transferred to 
the separate carrier from another element having the radiation opaque material by laser radiation. 
[0066J It is also contemplated that digital mask formation can be acomplished by imagewise application of the radi- 
ation opaque material in the form Of Inkjet inks. Inkjet inks may be formulated according to the description above for 
any of the thermally removable layers (a), (b), and (c). Imagewise application of an ink-jet ink can be directly on the 
photopolymerizable layer or disposed above the photopolymerizable layer on another thermally removable layer, e.g., 
transparent layer, of the photosensitive element (See Example 10.) 

[0067] The next step of the process of the present invention is to overall expose the photosensitive element to actinic 
radiation through a mask, that is, imagewise exposure of the element. If the digital mask was formed In situ on the 
photosensitive element, the element is overall exposed through the in situ mask image. 

I0068J Alternatively, a conventional method for imagewise exposure is by using an image-bearing transparency film 
or phototool, typically a silver halide film, as the mask. Typically, the phototool includes the image on a polyester base 
that is 0.1 27 to 0.1 78 mm (5 to 7 mils) thick; The image-bearing transparency film is placed on the thermally removable 
layer the functions as a release layer, a vacuum is pulled to assure good contact of the mask film to the element, and 
the element is exposed. The image-tearing transparency film is removed from the element prior to thermal treating. 
Similarly, a template having at least actinic radiation blocking portions can be disposed above the photopolymerizable 
layer of the photosensitive element before the element is exposed. The template is removed from the element prior to 
thermal processing. 

[0069] In use, the photosensitive element of the present invention is exposed to actinic radiation from suitable sourc- 
es. The actinic radiation exposure time can vary from a few seconds to minutes, depending upon the intensity and 
spectral energy distribution of the radiation, its distance from the photosensitive element, the desired image resolution, 
and the nature and amount of the photopolymerizable composition. Exposure temperatures are preferably ambient or 
slightly higher, i.e., about 20° to about 35°C. Exposure is of sufficient duration to crosslink the exposed areas down to 
the support or to the back exposed layer. Imagewise exposure time Is typically much longer than backflash exposure 
time, and ranges from a few to tens of minutes. 

{0070] Actinic radiation sources encompass the ultraviolet and visible wavelength regions. The suitability of a par- 
ticular actinic radiation source is governed by the photosensitivity of the initiator and the at least one monomer used 
in preparing the flexographic printing plates. The preferred photosensitivity of most common flexographic printing plates 
are In the UV and deep UV area of the spectrum, as they afford better room-light stability. Examples of suitable visible 
and UV sources include carbon arcs, mercury-vapor arcs, fluorescent lamps, electron flash units, electron beam units, 
lasers, and photographic flood lamps. The most suitable sources of UV radiation are the mercury vapor lamps, partic- 
ularly the sun lamps. Examples of Industry standard radiation sources include the Sylvanla 350 Blacklight fluorescent 
lamp (FR48T12/350 VL7VHO/180, 115w), and the Philips UV-A "TV-series low-pressure mercury-vapor fluorescent 
lamps. Typically, a mercury vapor arc or a sunlamp can be used at a distance of about 1 .5 to about 60 Inches (about 
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3.8 to about 163 cm) from the photosensitive element These radiation sources general V emit lonjwrave UV radiation 
betZ ^ "^PWcprtntfng plates sensHlve to these part.cu.arUV sources usTEi S 

31MSnm^tr7ranSe 8 P» K *««>*able compound should be absorptive in at least a portion of the 

[0071J Imagewise exposure of the photosensitive element to actinic radiation may be conducted in the presence or 
absence of atmospheric oxygen for photosensitive elements having an to s/n/ mask Atmospheric oxygen Is eliminated 
when ti,e exposure is conducted in a vacuum. The exposure may be conducted in a vacuum to minimize the effects 
of oxygen on the polymerization reactions occurring in that layer. And for photosensitive elements that are exposed 
through an image transparency, the exposure must be conducted in vacuum to assure good contact between the Image 
transparency and the photosensitive element The exposure may be conducted in the presence of atmospheric oxygen 
since the mask Is formed In situ or applied imagewise with radiation opaque material on the photopolymerizable layer 

' » aCUUm t0 °f Ute ' ntlniate °° ntaCt ,n the proce88 of «** a *fl 8 d, 9 itel flexographic printing plate" 
or sleeve, the overall exposure step preferably Is conducted without vacuum, i.e., while the photosensitive element Is 

n£t, PreS enCS ^^P" 6 " 0 ox *9*n. and without any additional layers present on top of the to situ mask. 
[0072] A step change in printing performance was observed for a photosensitive element having an In situ mask 
whtoh was exposed in the presence of atmospheric oxygen and thermally treated relative to a photosensitive element 
that was given a conventional analog exposure and thermally treated as shown In Example 1. Further, Imagewise 
exposure in the presence of atmospheric oxygen for the photosensitive element provided improved processing latitude 
since fewer thermal cycles of heating and contacting with an absorbent material were needed to achieve the same 
relief depth and improved reverse depth as shown in Examples 1 and 12. 

[0073J The process of the invention usually Includes a back exposure or backflash step. This is a blanket exposure 
to actin.c radtation through the support. It is used to create a layer of polymerized material, or a floor, on the support 
side of tt,e photopolymerizable layer and to sensitize the photopolymerizable layer. The floor provides improvedad- 
heston between the photopolymerizable layer and the support, helps highlight dot resolution and also establishes the 
depth of the plate rel.ef. The backflash exposure can take place before, after or during the other imaging steps. It is 
preferred that it takes place after to the overall exposure to actinic radiation through the mask and prior to thermal 
treating. Any of the conventional radiation sources discussed above for the overall (imagewise) actinic radiation expo- 
sure step can be used for the backflash exposure step. Exposure times generally range from a few seconds up to a 
few minutes. 

[0074] Following overall exposure to actinic radiation through the mask, the element is prepared for thermal devel- 
opment If the mask is an image-bearing transparency film, i.e., phototoot, or a template, the film or template is removed 
pnorto treatmg the element When digital methods were used to form the mask, the mask remains on the photosensitive 
element and is present during thermal treating. 

[0075] The treating step removes at least the photopolymerizable layer in the areas which were not exposed to actinic 
radiation, i.e., the non-polymerized areas or uncured areas of the photopolymerizable layer. For photosensitive ele- 
mentshavmg a transparent thermally removable layer, i.e., release layer, surface modifying layer, or adhesion modifying 
layer, the thermal treating step shall also remove or substantially remove the thermally removable layer on the polym- 
erized areas of the photopolymerizable layer from the photosensitive element. For photosensitive elements that Ihe 
maskwas formed digitally, the thermal treating step also removes the mask image (which had been exposed to actinic 
radiation) and the underlying unexposed areas of the photopolymerizable layer, as well as any other thermally remov- 
able layers which may be present 

[0076] The imagewise exposed photosensitive element is then ready for the next step of the present process which 
is thermally treating the exposed element to develop the relief image or pattern. Thermally treating the element includes 
heating the exposed photopolymerizable layer and the thermally removable layer at a temperature sufficient to cause 
the unexposed (uncured) portions of the element to soften or melt or flow, and contacting the layer to an absorbent 
surface to absorb the melt or flow portions. The polymerized areas of the photopolymerizable layer have a higher 
melting temperature than the unpolymerized areas and therefore do not melt, soften, or flow at the development tem- 
peratures. The term "melt" is used to describe the behavior of the unirradiated portions of the photopolymerizable 
elastomeric layer subjected to an elevated temperature that softens and reduces the viscosity to permit flow and ab- 
sorption by the absorbent material. The material of the meltable portion of the photopolymerizable layer is usually a 
viscoelastlc material which does not have a sharp transition between a solid and a liquid, so the process functions to 
absorb the heated composition layer at any temperature above some threshold for absorption in the absorbent material 
A wide temperature range may be utilized to "melt" the composition layer for the purposes of this Invention. Absorption 
may be slower at lower temperatures and faster at higher temperatures during successful operation of the process 
[0077] The thermal treating steps of heating the photopolymerizable layer and the thermally removable layer and 
contacting the layer/s with an absorbent material can be done at the same time, or In sequence provided that the 
uncured portions of the photopolymerizable layer are still soft or In a melt state when contacted with the absorbent 
material. The photopolymerizable layer and the thermally removable layer/s are heated by conduction, convection 
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radiation, or other heating methods to a temperature sufficient to effect melting of the uncured portions but not hinh 

T^f 72?" ° f *• a " d P ° rt,0n8 °' m tayar Sensitive *LltoZ?ioT^tS^ 
above about 40-C; preferably from about 40°C to about 230'C (10*446'F), more preferably twSZtiWO^ 
C. and most preferably from 100 to 160-C in order to effect melting or flowing of IteZKS^ 

SKJ^J?JTi re T ab ? ,ayer The absorben, the J^SSSSR 

T " and absort)8 11,9 soflened or molte " or flowing portions of the elastomerlc layer from the unirradi- 
ated Portons^forming a flexographlc printing plate in which the uncured portions are removed bZi^Nta 

L k ^ ! ,em,ally rem ° Vab,e ' ayer di8poseo ab ° ve t" 8 Photopojmerlzable layer may soZ or met S flow 
and be absorbed as well by the absorbent material. The thermally removable layer disposed h*S^Eta*E 

bSlSLT^T m 'Tl aCkS a L a ^ ° f th9 C ° ntacBn9 « Mh *• abso * a "t •«*•- and 

by the softened or molten or flowing portions of the photopolymerizable layer to the absorbant material By maintain^ 

2£? . .! I * removable layer, a transfer of the uncured photosensitive material from the photopotvmeN 
.^bleteyerto ^ absent material takes^ 

ZsolZZ^TZ^^ I". 00 ntaC< ^ th9 ^ ,ay9r to reveal *• <* M structurl A cyToTSe 
Photopolymerizable elastomerlc layer and contacting the molten (portions) layer with an absorbent 

retf 2T SET^.TTfT 35 n8CeSSary 10 adeqUately remove 1,18 uncured "^«nai and create SSH 

222^22 I .?'^ b,e ,0 . m,nimiZe ** nUmb8r ° f ^ for 8uitabl8 Performance, typl cafly me 

photopoiymenzable element is thermally treated for 5 to 15 cycles rp««»yuw» 

EL™* ^f*!"' ma *f^ al iS se,ected **** a m9lt temperature exceeding the melt temperature of the unirra- 
f^Z^^r th l^!!! i0n CUn * to COmp ° Siti0n having good tear resistance at me same opera^ 
£ES2£T! i tS* ^^! l !! ted materia ' W " hStandS t^Poratures required to process the photosensiSve ele? 
S til? h? ^ ■ materia ' iS Se,8Ct8d no,vw o v9n ma,8rial8 ' PePor stocks, fibreus woven ma- 

v^,i™.H , T ,edal8 l Poro" 8 "trials that contain more or less a substantial fraction of their Included 
2Z Z 21 VOlUme H , The ab8 * bent can be in web or sheet form. Preferred absorbent materials utiflzed to 

wck away the uncured portions of the photopolymerizable layer from the cured portions of the layer are 

»nH^T ^ mat Z* aU> wWdl 1,038838 lntema ' 8trenfl1n and tear "^stance to temperatures up to. Including 
JUST V me, "^ tem Perature of the uncured photopolymerizable material, the absorbent materials 
8h ™l al8 ° P 088688 a hiflh absorbency for the molten elastomerlc composition as measured by the grams of elastomer 
^absorbed per square millimeter of the absorbent material. Preferred is a nonproven nylon web. 
J." T C °" taCt ° f * 8 absorbent "^k^ to me Photopolymertzable layer (while the uncured portions are 
melted may be maintained by pressing the layer and the absorbent material together. It is desirable to apply a sub- 
stenballyunrform pressure ofbetween about 2. 11 kilograms per square centimeter and about 4.92 Wlograms^^ 
fl? 1 "IT? P . reS3Ure ° f abOUt 316 ""ofra™ Per *q«are centimeter during processing. Pressure is 
^^^. a mate,ial ,nt ° intimate m e Photopolymerizable layer. It is believed that be- 

ISS? J ^ eduare centimeter and about 7.03 kilograms per square centimeter in a nip of the area 

1 h 3 q 1 T*l* nC * ab8orpD0n * om me ,av er surface to the absorbent material without distorting 
me relief features on the photosensitive element It Is particularly preferred for photosensitive elements heving a ther- 
mally removable layer (b) or (c) to apply pressure wimcwtacflrnj of me absortoam^ 

causes m.crocracks in the thermally removable layer/s to form which allow unpolymerized portions of the photopoly- 
merizable layer to flow and carry away. I.e., remove, the materials of the thermally removable layer. 
£ L f pno ! osens,tive P rin « n 9 elements of the present invention can be uniformly post-exposed to ensure that 
the photopolymerization process is complete and that the element will remain stable during printing and storage This 
postexposure step can utilize the same radiation source as the main overall exposure 

[0082) Detackificatlon Is an optional post-development treatment that can be applied if the surface of the photosen- 

22 ^ k 9 T1 18 21 ^ 5UCh taCWne88 n °« 98nera,, y re "ioved in post-exposure. Tackiness can 
elim^ated by methods well known in the art, such as treatment with bromine or chlorine solutions. Preferably, detack- 
ficahon Is accomplished by exposure to radiation sources having a wavelength not longer than 300 nm as disclosed 
in European Published Patent Application 0 017927 and Gibson U.S. Patent No. 4,806 506. 

EXAMPLES 

SSL I".* 6 ?vn=, n i! examp,es - all percentages are by weight unless otherwise noted. CYREL® photopolymer 
printing plates, CYREL® exposure unit. CYREL® Fast 1000 TD processor. CYREL® Digital Imager. CYREL® OPTI- 
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SOL® developing solution are all available from The DuPonl Company (Wilmington, DE). 
Example 1 

SJ^L JUt f0 "° Win9 tl Example demonstrates the process of this Invention of thermally treating a photosensitive ele- 
lEStSL ST* r T Va f e WWCh 13 acUn,C rad,a,lon ^ ™» ""^cted benefits in printing £ 

Hp££i££ EST ^ ? ,Ch ,S UV 6XP0Sed 8lr ^ th8,ma,| y P rocessed are a,so anown. 
10085] Comparative and Control samples were prepared as follows. CYREL photopolymer plates tvoe HOS (67 
mils, were used. The plates Included a photopolymerizable layer of a binder, at JSS!Z^^iSS!£ 
a fli a ^ aSe K ,ayer ^ 80 **• % " Macrome "® 6900 polyamide (from Henkel Corp.) and 2oT%TChoS 

^S-2^h^fT* * ? hem,Ca ' ^ aCCOrd ' n9 10 US - and a ^eleetcKeZ! 

S12r^f« 3 f^" 9 , ° f 1 35 ° C - 17,8 me,tin « P° int of ma Amphomer binder is not available, 

man tL 9 ^^, temperatur !- T * ,8 120 ° C - S,nce *• Tg.fbr common polymers Is typically 100 to 240°C hlghe 
than the melting temperature as shown In data from Polymer Handbook, J. Brandup and IP H Immerout eds mer- 

S!!!^ J , £ ^ T 6 9iVen a b3Ck flash exposure * 12 seconds on a Kellelgh exposure unit The 
T^T^TS^^J^ ^ haMe ter99,S havin9 150 " nes ^ ,nch "** tonal range d 
tines Images were used during the main UV imaging step. The targets (with the silver haflde emulsion down) were law 

S!!^f2E2Z t the M Ph0t0p0,ymar and ma vacu ™ ~ P— to tts maximum va.rwi Zn 
cove^eet (5 mils thick) on top. Plates were exposed for g minutes on the same 2001 exposure unit. After removino 
from the vacuum frame, they were processed differently. removing 

EJUS* Jh! "ft? P i at f 3 ' Com P wrt ^ 1A a^ 1B. were thermally treated in a thermal processor similar to the 
processor described by Peterson et al. in U.S. Patent 5,279,697. The processor used for this example was modified 

^T^b^z,^r, a ° f ^p£ te after separation ° f an absorbent ^ ^ *• phoC^z 

5 ?i JSSSS^SSS ? 8 CERE ? n ° n ' WOVen nylon web ^ e 232 °- For «• ^t. the IR heater wasnm at 30 
wKS^SK^ drum speed of 30 inch/min (76.2 cm/minute). The temperature of the developer roll was 
^^ 9 C) - J" 8 emperatu ™ ofthedrum wa s set at 70-F. The pressure associated with contacting the plates to 
22£T2T? . ,0deVe,0per ro,l > 3° P* °" the cylinders. The cooling blower was on 

ffi J2SLT P ? / ^f^ 88 1A and 18 W8re P" 00888 ^ for 6 cycles and 12 cycles of heating and con- 

1^ ? P b mU,t,P J e 0X0,68 ° f h8atin9 tne Pnotopolymerizable layer, contacting me layer with a web of an 
iSZ trlE? 1 i^T 9 ? abS0rt,8nt mat8rial from 11,8 and «*• the layer. It took 3 thermal cycles to 
22 w S r rf ' ayer I *5 9XPOSed +* 8Urf8C88 - ProC8S8ed Dlates W8re »9 W finished and post- 
2£2 UEi SaCh - 7,18 re " 8f d8pth and * e d8 P ,n of *• ™™ " ne of a 31 .5 mil negativeHne 

(reverse depth) were measured for each Comparative and reported below. 

f °!fl 1 DT !?l rem f ln,n9 6XpOSed P' at8 ' ^n*" 51 1 • waa solvent washed in an in-line CYREL 1001 P solvent processor 
£ Z»< 3 ? Vent " W8S dri8d 60 ' C ° V8n * 1 5 houra - and m8 " »9nt finished and post-exposed thTsZ 

^ 2 C ° ntro ' 1 ^ 8 r8,i8f d8p,n of 41 mi,s - T" 8 measurement of the reverse line (31.5 Ss 
negative line) showed a reverse depm of 600 micron. 

E^Lhl!! 6 P ' a S for ^ am P ,e 1 was a CYREL Photopolymer plate, type DPH (67 mils). The composition of the 
phot^enzable layer of A. DPH plate was the same as the photopolymerizable layer for the HOS mat was usee 
^ r^^SlIS!^^^ 3 a ™tJPT rl ^Lf^ 1n^>, **- ™° D,aH ,a,ate irtcf U <le<* tho photoff^tymerizaMe tav^r, ao infrared-sensitive. 
87 T./ fS 0e ;l«rn radiaUon ° PaqU8) ,ay8r ' 8nd 8 ^haeL The actinic radiation opaque layer Included 

K! JH e , 8 h mP, l Pla ! e . f0r EX8mpl8 1 W8S backflashed for 12 aaconds on the Kellelgh exposure uniL After discard- 
»S« L°Z i ' M" 3 ' 8 8 * 88 mOUnt8d ° n *' 8 drum of *• CYREL D| 9 ,tal 'mager with the actinic radiation opaque 

SSIIS^!!!^? r ^ e,d T is vacuum on the dmm and wtth ^p 88 ° n aH 8,des - ^ 

, , !,^f tS 88 d88Cr,b8d for 818 c °mpara«ves and Control were laser ablated onto me 
otlS 9 , y8r T?> Nd:YAG ' aSer ( " 9ht W8V8,8ng,n ° Utput at 1064 nm >- Excel, ant * «• mask on plate was 
tralvlnrQci^ energy of 3.2 Jules/cm . The actinic radiation opaque layer of Example 1 had the visual 

2rf2SilJr* 9 •« an ° ^ ab ' ated •° M h3d 8 8t8,n d8nSity 0f °- 10 ^nsmlssion). The eblated plate was 
ivanam^n UV exposure nme open air (under atmospheric oxygen) for 9 minutes on the CYREL 2001 exposure unit 
S«S JZZ^J^V? th . 9fma " y ,r8ated US, " fl md 8ame ** m * P roc8S a°f and the same processing con- 
SSl t S! f . r fo ; * 8 l f 0,n P arat,ve Exam P'aa 1 A and 1 B except that the plate of Example 1 was thennally 
treated for 6 thermal cycles of heating and contacting with the absorbent material. The UV exposed black mask Images 
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r^l e ltr°^ aftWfi ,T emia, ! yC,e - S ^^' e ™ though ^ Infrared-sensitive layer contains carbon 
black, an unmeltable compound, the remaining portions of the layer were completely removed during thermal deve£ 
opment. The plate was light finished and post-exposed for 10 minutes at the same time 
[0093] The relief depth and the reverse depth for Example 1 was measured and reported below. 



Example 


Relief Depth (mil) 


Reverse Depth fmlcron) 


Comparative 1A 


22 


231 


Comparative 1B 


33 


260 


Control 1 


41 


600 


Example 1 


21.8 


380 



£Hi V - a , HI 8 " 0 m P r0V8mentin r8v8r88 ^ with equivalent relief depth when compared to 

£ IT. 8nd . e XP ° SUre ° pen air of ^""P' 6 1 P revhtod 8ucn 8 drama «° Improvement over that of 
J,! 2 e ^ S9d f° m P ara ttve 1 A with a silver halide target under the vacuum pull. The reverse depth (for a 315 
mil negative fine) | of Example 1 was much deeper than the reverse depth of Comparative 1 A and 1 B processed for 6 
11L T ^ de8 - HoWeVer> 1,18 thefma "y fcwtof Pfcto* of Example 1 and Comparatives 1A and 1B gave lower 

Tl Z «™ T*! d T,nf n * at ° f S0,Vent processed P ,ate of Contro ' 1 • 8V8n though all samples were 
given the same backflash and main UV exposure levels. 

K.hJ!l e ri^ 1 A and 1B and the Control were printed on a Mark Andy Press System 

2££?! 2 '^l 06086 B,ack EC8630 lnk (^vhonmenl Inks & Coatings, Morgantown, NC) was diluted 
witt EIC Aqua Refresh EC1 296 (with a mixture of two solvents) to give a viscosity of 27 seconds as measured using 

^P; Printtn 9 wa8 done Hi-Gloss 40FS S246 paper (Fasson, Painsville, OH), at 100 feet/minute 
if I? *^ e . P ? ****** 1 WWch W3S W exposed in atmos Pheric air through the mask had excellent print quality 
£2^?^ S ^ e ' e * ce ' tent P^t of slur targets and excellent solid printing. It was surprising and unexpected to 
find ttat the ttermal treated plates of Comparative 1A and 1B gave significantly poorer printing performances than that 
of the solvent treated plate, Control 1. Dirty printing of dots from mid-tone to shadow areas (40-99%), dirty slur target 
priming and patchy (uneven) solid printing were observed for the Comparatives 1A and 1B while the Control 1 gave 
gooc I and sharpprinfing results for both the tonal range Scale and slur targets. This showed that the processing method 
has dramatic effect on how the unexposed areas are being removed effectively between the dots and fine reverses as 
the exposed release layer is being removed from the exposed plate surface, and thus on the final printing 
performance difference. Thermal processing is much less effective in removing the unexposed photopolymer areas 
j» d the exposed release layer on the plate surface than the solvent processing (with a mixture of two solvents) under 
the brush, and thus much poor printing quality. 

TJ 1 I t , WaS unex P ecteo t0 find that the plate of Example 1 (exposed thru in situ mask in the open air with no 
additional layers on the plate sample) had dramatically improved printing performance when compared to the plate of 
Comparabvel A (analog exposure through target film under vacuum with Kreen coversheeton top). This was particularly 
surprising since the plate of both Example 1 and Comparative 1 A were thermally treated for 6 cycles and given the 
same levels of backflash and imaging exposures. It was also very surprising to find that the 70% nominal dots (60 4% 
measured) of Example 1 gave much cleaner printing than that of 50% nominal dots of Comparative 1 A (52.7 % meas- 
ured). This showed that UV exposure conditions play an extremely Important role for plates that are thermally processed 
to form the relief. 

Example 2 

[0098] The following example demonstrates process of this invention using photosensitive elements each having a 
thermally removable layer and one or more additional layers above the photopolymerizable layer. 
[0099] For Controls A and B, each top layer was coated from* 4 % solid solution on a temporary substrate (Mylar® 
polyester 5 mils thick) to form a continuous coating with minimum of surfactant present as the coating aid After the 

1! ^r 8 . ??. d *° (a< ,ea9t OVem,gM for room drled coaMn 9 8 )' 108 temporary substrate with the dried coating 
was hot laminated to a photopolymerizable layer. For all samples except Example 2A and 2C, the photopolymerizable 
layer was from a CYREL photopolymer printing plate, type UXL. 67 mils thick. The coversheet end release layer were 
removed prior to lamination for all samples In which the photopolymerizable layer originated from a CYREL printing 
plate. The coating and temporary substrate was laminated such that the top layer was disposed above the surface of 
the photopolymerizable layer opposite the support. 
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H a f°^!^ e2 ^ 8p,a ' e ^^ tvoe AQS /87 

weight of 3.0 mg/dm*; a radiation opaque layer of 16 9 drams of BS u ? , .If 9 " 9 

CDI Dispersions) feee Ex m anrt , » I \ SSI. BS ' 11548 carbon blaok pigmented dispersion (from 

on a temporary MYLAR polyester support The plate structure was the temporary MYLAR suoZt aa a covS^' 

i™*;' Photosensitive element had the foUowing structure, a coversheet of the temporerTsTiTttie 
radiation opaque layer fte wax layer, UXL photopolymerizable layer on a permanent support * 
Z V2 , For 5 xam . p,e 2C ' a 0,348 8tnjcture ^s assembled as follows. A CYREL photopojmer plate tvoe HCS (67 
bv Itl^ ? ,6aSe ,3yer rem ° Ved USed 88 *• ^topofymerizable layer' A sediment was prepa Z 
15 mg/dm2 ); and then a layer of a copolymer of Wpyrrt^?™*?^ 

^T^'« ^ ^ n . ,nt T ati0na, Sped8lty Pr0duc,s) ' < 20 m »' dm2 weight) ThTsecond eL^slS 

£ S "? CS ^toP 0 *™^ such that the photosensitive element had the following SSTTeSS- 

X^K™* Wrt ' ^ rad,a8W1 ^ ^ ^ PVP " VA ^ HCS Photopoiym^Tay^ra 



Name 

Macrornelt® 6900 


DescriDtfon 

Polyamide from Henkel Corporation, Polymer Division 


Softeninq Point for Other) 
135 °C 


PVP-VA W735 


Copolymer of vinyfpyrrolidone and vinyl acetate from 
International Specialty Products 


141 °C 


PVP-VA -630 


Copolymer of vinyipyrrolidone and vinyl acetate (60 and 40 ratio) 
from International Specially Products 


Not available 


Polyox WSRN-750 


Polyethylene oxide from Union Carbide 1 


65 °C (melt point) 


Polyethylene wax 




<100°C (meltpt.) 



Z^e^^T^^T^^ 15 SeCOndS °" *" 2001 exposure uniL The temporary 

Z!2 T 1 e ' ement Was given an overa " ex P° sure of 9 m'nutes to ultraviolet radiation 

through the thermally removable layer side on the exposure unit in the open air while the other hatf of ihe^m^ 
was covered with a film which blocked UV light (There was no imagewlse SJSo 

to observe the thermal processability of the element both in the unexposedstate and WeSVtel Si 

loZT7: IT*"* 1 f CYREL Paa * ,00 ° 10 ProCe880r 8t *• colons BemenlS 

ofhea,^ 

of heating and contacting was given for each element The relief depth after 12 thermal cycles was measured The 
a88 Ti for *. Perf ° rmanCe of *• material aa a ^^lly removable layer. A £££££ 
y6 , r ° n , the fc T ,ly Pr0ce88ed e,ement ' fe one ,n which the thermally removable layer le^oveTvSh 
re^ofTe^ 

removal of the unexposed photopolymer layer. In some cases, It is necessary for the thermally removable layer in the 
SriZS.^ ,aye ? a,S ° r9m0Ve ° duri " S ^atment MZattnT^ 

Hi !T« ^ ,ay8r ° n WP088d ^toPo'V" 19 ' the residual material should no interfere with the 

male priming performance o the plate and thus should provide good and even printing surfaces. 
[0105] The processing conditions for the thermal were set as follows: 



Developer roll temperature: 


275 °F 


Drum temperature; 


95 °F 
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(continued) 



Pressure: 


2.2 psl/lnch 


Plate speed: 


30 Inches/minute 


IR setting: 


80% of maximum 


Relief setting: 


20 mils 


Blower: 


automatic 



All elements were given first a heating cycle and followed by heating and contacting cycles up to 12 cycles of heatina 
and contacting with an absorbent web, CEREX® non-woven nylon ^ 
[010«| Table 1 lists, the material used for the thermally removable (T.R.) layer, the total coating weight of the lavers 

aT^^^r^ a ^T d UTJir re " ef d6pth ° f *• W***™ after 12%des o?heating 
P^cesTl * ' ' 6 ° Vera " assessment of thermalfy removable layer in thermal 



Table 1 





ivtdusnaj tor I, 
R. Layer 


/-»A_ 111! / « 

Ctg. Wt. (mg/ 
dm*) 


Cycles needed 
to remove T.R. 
layer 


Cycles needed 
to remove T.R. 
layer 


Relief (mils) 


Assessment 








Exposed 


Unexposed 


Unexp. 




Control A 


Macromelt 
6900 


42 


1 


1 


19.5 


Excellent 


Control B 


PVP-VA-630 


11.8 


2 


1 


21.2 


Good 


2A 


Multilayer T. 

R.L of 
polyethylene 

oxide and 
carbon black 


58 


1 


1 


32 


Excellent 


2B 


Multilayer: T. 

R.L of 
polyamide 
and carbon 

black 


34 


t 


1 


25.5 


Excellent 


2C 


Multilayer T. 

R.L of 
polyamide 
and carbon 

black 


35 


1 


1 


good relief 


Excellent 



[0107] The results of Example 2 show that the thermally removable layer as well as multiple additional layers on the 
photopolymerizable layer can be removed by thermal processing. Further, the top layer can be thermally removed 
even when toe top layer contains carbon black, a material that is non-meltable, with a binder which is sottenable or 
meltable a the thermal treating temperature. The melting or softening point of the binder material forming one or more 
additional layers on the photopolymerizable material should be less than the temperature for thermal treating the ele- 
ment. While It is preferred to have the lower melting or softening temperature of the binder in the thermally removable 
layer and the one or more additional layers, the melting or softening temperature Is not the only factorto be considered 

additions layers with the migratory materials (e.g., monomer and photolnitiator) in the photopolymerizable layer when 
adjacent the photopolymerizable must be considered. If the binder in the layer adjacent the photopolymerizable layer 
^ compatible with i the migratory materials In the photopolymerizable layer, the thermal processabilHy of the top layer 
may be detrementally affected. k>"/«» 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Example 3 

[0108] The following example demonstrates the process of this Invention In which the physical form of the organic 
?i?M U$ o? thermally removable layer has an Important effect on thermal proceseablllty of a photopolymer plate 
[Q109J Similar to Example 2, each top layer for the Comparative Examples was coated from a 4% solid solution on 
a temporary substrate (Mylar® polyester 5 mils thick) to form a continuous coating with minimum of surfactant present 
as the coating aid. After the coating was allowed to dry (at least overnight for room dried coatings), the temporary 
substrate with the dried coating was hot laminated to a photopolymerizable layer. For all samples In this Example, the 
photopolymerizable layer was from a CYREL photopolymer printing plate, type UXL, 67 mils thick, in which the cov- 
ersheet and release layer were removed prior to lamination. The coating with the temporary substrate was laminated 
o the photopolymerizable layer such that the top layer was disposed above the surface of the photopolymerizable 
layer opposite the support. 

[0110] For Examples A and 3B, each of the Etvanol compounds were separately applied as a powder onto the tacky 
photopolymerizable surface of a UXL plate (having release layer removed). Elvanol 75-15, a fully hydrolyzed (99%) 
polyvinyl alcohol, and Elvanol 50-42, a 88% hydrolyzed polyvinyl alcohol (12% vinyl acetate), were supplied by the 
vendor, DuPont, in powder form. 



Name 


Description 


Softening Point (or Othert 


Elvanol 75-15 


Fully hydrolyzed (99%) polyvinyl alcohol from DuPont Co. 


Not softenable, degrades at 200°C 


Elvanol 50-42 


88 % hydrolyzed polyvinyl alcohol (12% vinyl acetate) from 
DuPont Co. 


Not softenable, degrades at 200°C 


KluceIG 


Hydroxypropyl cellulose from Aqualon (molecular wt. 
370,000) 


130 °C 


KJucel E 


Hydroxypropyl cellulose from Aqualon (molecular wt 
80,000) 


100 °C 



[0111] The release layer of a 67 UXL plate was removed with tape to provide the photopolymerizable layer with a 
tacky surface, and Elvanol 75-15 was applied as a powder by pad toning for 20 cycles, creating plate sample Example 
3A. Loose powders were wiped off from the plate surface with a LasStik cloth. A second UXL plate was similarly toned 
with Elvanol 50-42 powder, creating plate sample Example 3B. In both cases, the toned UXL plate surface became 
tack-free, which showed that Elvanol powders were indeed on the plate surface as desired. Both plates were given a 
backflash exposure of 15 econds on CYREL 2001 exposure unit. 

[0112) The resulting two plates, Examples A and 3B. were thermally treated on the CYREL Fast 1000 TD machine 
under the same conditions as described in Example 2. It was surprising to find that both polyvinyl alcohol compounds 
in powder form were completely removed from the unexposed photopolymer plate surfaces after one cycle of heating 
(the plate) and contacting (the plate surface) with the absorbent material. The relief depths for both plates of Example 
3A and 3B were 26 mils after 1 2 cycles of heating and contacting with absorbent material. 



Ex. 


Material for T. 
R. Layer 


Ctg. Wt. (mg/ 
dm 2 ) 


Cycles needed 
to remove T.R. 
layer 


Cycles needed 
to remove T.R. 
layer 


Relief (mils) 


Assessment 


Exposed 


Unexposed 


Unexp. 


Comp 3A 


Elvanol 75-15 
(film form ctg.) 


11.76 


»12not 
removable 


»12 not 
removed 


zero 


Not good 


Comp 3B 


Elvanol 50-42 
(film form ctg.) 


11.44 


»12not 
removable 


»12 not 
removed 


zero 


Not good 


Comp 3C 


Klucel G (film 
form ctg.) 


21.89 


»2 not 
removable 


Removed in 1 
cycle but as 
strings 


21 


Not good 


Comp 3D 


Klucel E (film 
form ctg.) 


6.64 


7 


1 


29 


Fair 
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(continued) 



Ex, 


Material for T. 

r\. Layer 


Ctg. Wt (mg/ 
dm*) 


Cycles needed 
to remove T.R. 
layer 


Cycles needed 
to remove T.R. 
layer 


Relief (mils) 


Assessment 








Exposed 


Unexposed 


Unexp. 




3A 


Bvartol 75-15 
(powder) 




1 


1 


26 


Excellent 


ii 


Elvanol 50-42 
(powder) 




1 


1 


26 


Excellent 



^SJSSSS ? S 31 ?' 68 3A and 3B are Comple,e,y differen, from * at 0b89rved Comparative 
, , "T, "° re,l9f depttl was oMal ~ a for Bvano! 75-15 and Elvanol 50-52 as a continuous filmon 

?nd^I^ o STZl^^!^ ,n *• unexposed areaa - Botn 75 - 15 a " d ^ »-« «• «* £3£ 

M ^hl ,* U8ed 38 3 bi " der in a COnt,nuous """-forming layer as in Comparatives Examples 

et^ in^t * " 9 W *? 'Pi" 9 »** ° f 8,6 binder 3 ,op layer 03,1 influ8nce t" e "^al developabilityTS 
remote ^unexposed photopo^merizable areas. However, the results of Examples 3A and 

m T b,r,der i S U86d 8,8 powd8r iom «* 88 Particulates), on the surface of the photopoly- 

2222 S, ?! 8 °, fteni : 9 ° r rf 18 P °' nt ° f 819 binder ,s no ,on 9 8r a " mlta *> n for removal of meTyer 

formed of particulates together with the underiying unexposed photopotymertzable areas 

« *2L ? mparatl r ^ "l plea 3C and 30 680,1 had a continuous film coating of a hydroxypropyl cellulose material 
SSSSST °" Ph °! 0p0 ^ merizabte Tha U8a <* hydroxypropyl celluiose as a release Vayer on a photopo- 
ymerizable layer was d.sclosed by Wang in EP 0 665 471 A2 (see Examples 3, 4. Comp. 3, and Comp. 4) ThX 
teyer coatrng of Comparative Example 3C was not usable because the exposed areas of the top layer remained on 
SEXT"? P ? ^ ^r 6 " SWn9S 3nd 8,088 Strin9S Qave P°° r P ri "«"9 results. The top layer coating* 
t T , 9 .r falr reSUHS b6CaUSe 8,6 6Xp0Sed areas ,onQe r thermal cycles to remove the 

c^tinuL coalo^nm! 22 k^, 81056 ^ by ^"'^melting point of 7 materia, forming a 

[01 15) Other high softening or melting organic powders were also applied to the tacky surface of the ohotooolvmer- 

2SJT ? 3 u £ p,ate a n t83te0 fo,,owin9 8,6 same «^-«to^^ ta t?S5J?2SX 
Sl^r; m« SfS^ d w r ce " dose acetate ^ (me,t p** of 230 ° c > and •oSKS 

Si? ^ Jf > ^ ft ° m Ea3tman Kodak) - °^ one fr 8 ™ 3 ' of hea «"3 a " d conte^ng absorbent 

ratrrSg^ 

Kn^ 
Example 4 

SIl 7 LI5!/ 0,l ° Wi, l 9 , T mP ' e I 8 ™" 8 * 8 * 68 «"* Pr°^ss of this invention in which a layer of particluate material is 

E2U T !w mP ' e 1 8 ? YREL P" 0 ^™ P |a « a . »yP a "XL (67 mi.) was prepared (I.e., release?ayer and 

r e Zr„»Z m } °?S P CaU ° n 0f n <,i ! erent WaCk O™*™ materi8ls - Carbon black 18 8 "on-meltable compound 
The Wack particulate material was applied to achieve black transmission density of at least 2.00 (visual filter) Loose 

E^r'^ ^ ** ■ ' n ExamP ' e 4A ' CTOma,in ® b,ack to" a rKK6-CN (aval. Je from DuPonl^.) 
which comprises carbon black and cellulose acetate (melt point 230-C) was used and the density of the toned layer 
onto P ate was 2 98. In Example 4B. a black electrostatic toner (from Lanier) which comprises carbon black arS 
uSZo/T 7 T! r W8 V U8ed 8nd 8,6 d6n8ity ° f 816 ,oned 00 P ,a « 8 wa8 2.63 The particle size meat 

ZIZ^ 8 C °^ H MU ' ,iS,2er ' nStn,ment Partide 8126 W8S report8d as 8aulval8n< 8 P" 8 ricai diam 
eter In microns and the volume distributions at 10%, 50%, and 90% (in microns) are as follows for each of the toners 



Material 


dIO 


d50 


d90 


KK6-CN 


4.29 


7.51 


18,20 


Electrostatic Toner 


6.91 


10.72 


15.38 
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i^^!:^^^^^^*^ 0 - P^^toP^^P'ate, type EXL. (67mil)we8 prepared similar to Example 
lavw which h« w ^ ^ T " } ' a ' e ' nc ' ude8 on *' e Pbotopolymerizable layer an elastomeric capping 

layer which has a blue color. The density of the Wack toner layer was 2 08 

fH 2 !L i" P,at6S ^ Exam P , f s *^» C ' were 9 |v °n a backflash exposure of 15 seconds on CYREL 2001 Exposure 
h UV rad,Bti0n thr0U9h b,ack P artI *" ataa side in the open air (in the presence of 

^ OXy96n) f0r9m J" Ut68 - 1,131 ls ' no ima 9 6Wlsa ^^re was given to the element. This overall exposure 
TT ^ ° nS experienced * °P at ' ue areas of a " mask on an element having an Infrared 
sensitive layer. Thus theUV exposed black particulates that canform an /ns/fumask must also be mermally removable 
together with the underneath photopolymer layer to give desired relief depth removable. 

E2» A " ^ ° f 4A_4C Wer6 ttiem,a " y treated ,n the CYREL fast 1000TD thermal processor under 

££25?! T ?/? 83 deSaibed Examp ' 9 2 - ^^gly. only one cycle of heating (the plate) and 

for Example 4B with the underlying photopolymer layer. Only two cycles were needed to remove the layer of black 

££££ B S75 ? A a :l 4C ^ ^ Underiy,n9 UXL 8nd ^polymer layers respective J ?£2 dee* 
relief depth was obtained for all three plates after 12 cycles of heating and contacting the absorbent material. 



Example 


Relief Depth (mils) 


4A 


35 mils 


4B 


26 mils 


4C 


27 mils 



21? J** T?! dem ™, Slrated *** eXC6l,ent themial ""^v* 1 of radiaBon opaque particulates on photopolymer 
JSeSe? 8 * " (""polymerized) photopolymer layer and in situ UV mask property can be i 



Example 4D 



(0123) For Example 4D, another UXL plate with the KK6-CN black particulate as described above in Example 4 was 
prepared similar "©Example 4A, but density of the black toner layer was 2.24 on the plate. The plate of Example 4D 
was given , the backflash exposure of 20 seconds in the Keilelgh Exposure unit, and men placed on a drum of the 
CYREL Digital Imager as descnbed in Example 1. The black particulate layer was laser ablated at 2.4 Joules/cm* 

hSJ^??™ J™ 9 * 3 f in Examp ' e 1 ' Exce,lent ablated ima 9 es were obtained *™* the ablated solid had a stain 
denstty of 0^08 transmission density. The laser ablation step formed an in situ mask on the photopolymerizable layer 
The laser-ablated plate was then UV exposed through the in situ mask side in the open air foT 10 minutes on me 

£5? tZ & """I ™* P ' ate W3S therma,ly P rocessed in »» CYREL «»* 1000TD with the same processing 
coitions as in Example 2. Only two cycles of heating and contacting with absorbent material were needed to remove 
me black particulate layer wrth the underlying photopolymer layer. The relief depth after 12 cycles of heating and 
contacting the absorbent material was 23 mils. There were no residual black toner particulates on the floor nor In the 
ZZZ Zm n *r ' ma ? Pla,e - « ws, - ex P° sure »e plate Was used for printing on a Mark 

images and excellent pnnt quality for the whole tonal range, slur targets and solid as desired. 
Example 5 

KL^k followin 9 exam P |e demonstrates the process of this invention in which layer of inorganic particulates is 
T f T °" P^P 01 ^^'* toy* 1 - The inorganic particulates have a melting point well 
Izable teyeT temperature used to melt soften or remove Ihe unpolymerized areas of the photopolymer- 

nhl? m ^ m !l ar 5 E , XarnPl ! S 12$, 4 ' 3 ' ayer ° f 8 P articulate mata " a ' was applied by toning to the tacky surface of a 
CE ^ f yer ,° 8 ? REL P^P 0 ^ P ,ate . ^ UXL (67 mils) having the release layer removed. For 
Example 5A, aluminum silicate (sold as Satin White from Engletiard) (melt point 1000 °C) was used. The particle size 
measurement was conducted on a Coulter® Multtsizer instrument. Particle size was reported as equivalent spherical 
diameter in microns and the volume distributions at 10%. 50%, and 90% (in microns) are as follows 
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dig 


dSO 


d90 


Satin White 


3.16 


6.73 


13.67 



10 



15 



20 



25 



30 



35 



40 



45 



50 



65 



The .excess powder was wiped off with LasStik cloth. The surface of the plate having the particulate layer was tack-free. 
[0126] The plate of Example 5A was given backflash exposure of 15 seconds on CYREL 2001 exposure unit The 
plate was thermally treated on the CYREL Fast 1000 TD machine under the same processing conditions as in Example 
2. Surprisingly, only one thermal cycle was required to remove the (unexposed) particulates of Example 5A from the 
plate surface. For Example 5A, the relief depth was 20 mils after 12 cycles of heating and contacting with absorbent 
material. 

10127] Similar good results were also obtained for particulate material of titanium dioxide (melt point of 1560»C) 
toned on the photopolymerizabie layer. The toned particulate material provided the element with a tack-free surface 
andwas removed in the first thermal cycle during thermal treating. 

Example 6 

[0128] The following Example demonstrates the importance of the size of particulates forming a thermally removable 
layer on the photopolymerizabie layer in the process of this invention. The thermally removable layer is formed of metal 
and metal alloy particulates having a high melting point By proper selection of particle size, the metallic particulates 
can be used to form in situ mask and be removed thermally with the unpofymerized areas of the photopolymerizabie 
layer. 

[0129] Similar to Examples 3 and 4, a layer of a particulate material was applied by toning to the tacky surface of a 
photopolymerizabie layer of a CYREL photopolymer plate, type UXL (67 mils) at room temperature. To ensure good 
coverage of these particulates for in situ mask application, plates were toned twice (40 toning cycles each time) Loose 
particulates were wipe off with LasStik cloth. 

[01 30] For Example 6A, the particulate layer was formed of MS-1 , aluminum flakes (melt point 660 °C) having less 
than 5 % stearic acid (obtained from Mean Toyo America). The reported average particle size (By Microtrac) was 32 
micron. For Examples 6B and 6C, the particulate layer was formed of XB-260 Pale and Resist CT Pale metal alloys 
(obtained from Eckart America L. P.), respectively. According to Material Safety Data Sheets supplied by Eckart XB- 
260 Pale comprises of 65-95% copper, 5-15% zinc, and 0.2-2.0% stearic acid, with a reported average particle size 
of 5 micron (Cilas method), and, Resist CT Pale comprises 68-88% copper, 9-29% zinc and 3% SI02 with a reported 
average particle size of 35 urn (Cilas method). The particle size of the particulate was also measured in our lab. Particle 
size measurement was conducted on a Coulter <g> Multisizer instrument. Particle size was reported as equivalent spher- 
ical diameter In microns and the volume distribution results (in microns) are as follows. 



Particulate 


D10 


d50 


d90 


MS-1 


12.8 


27.14 


41.05 


XB-260 


2.46 


3.95 


21.63 


Resist CT Pale 


7.88 


18.32 


24.63 



[0131] The d50 is the median wherein half of the sample's mass consists of particles smaller than the given diameter 
in microns. The d90 means that 90% of the sample's mass consists of particles smaller than the given diameter in 
microns. For particluate to be used as a radiation opaque mask, the volume distributions at d50 and d90 should be 
considered. 

101 32] The transmission density (with visual filter) of Examples 6A, 6B, and 6C on the plate was 1 . 1 5, 2.07 and 1 .02 
respectively. All toned plate surfaces were tack-free. It was surprising that the particulates of Example 6B (XB-260) 
which had the smallest average particle size among three metallic particulates, provided the highest transmission 
density under the same toning conditions. 

[0133] Ail plates of Examples 6A-6C were given a backflash exposure of 20 seconds in the Kelleigh exposure unit" 
The plates were laser ablated to imagewise remove the particulate iayer on the CYREL Digital Imager with a Nd'YAG 
laser emitted at about 1064 nm with the same image file as In Example 1, and form a mask. Ail three plates had good 
ablated images. The optimum laser ablation energy was determined to be 5.9, 3.2 and 5.9 Joules/cm* for Example 
6A, 6B, and 6C respectively. The ablated solid area had a transmission density of 0.07, 0.37 and 0.16 for Example 6A 
6B, and 6C, respectively. Big metallic particles were observed on the ablated surface of the photopolymerizabie layer 
for plates of Example 6A and 6C. Gray residue was observed on the ablated surface of the photopolymerizabie layer 
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In?!?? 6 h " f X8r !!? e ,. 6B ; A " 1,16 p,ate8 0,81 had bMn ab,8ted were uv ex P° S9d "> open air through the metal 
and metal alloy (mask) side for 9 minutes on CYREL 2001 exposure unit 

f 13 ii 0? P «! at98 r ra , the " ^aHy Processed on the same thermal processor and with the same conditions as 
described In Example 2 for 12 cycles of heating and contacting with the absorbent material 
[01 35| After 1 2 cycles of heating and contacting with the absorbent material, the plate of Example 6C had extremely 
ow reltef depth (2.5 mils) and there were lots of the metallic particulates remaining In the floor and in the fine reverses 
(more than on the ablated area surface). Also there were residual particles on top of the surface of the plate of Example 
6C to the extent that the transmission density in these areas was 0,10. Similar results were obtained for the plate of 
Example 6A. Surprisingly, the plate of Example 6B had good relief of 17 mils after 12 cycles of heating and contacting 
absorbent and all the particulates were removed with the underlying photopolymerizable layer in 2 cycles of heating 
and contacting with the absorbent material. The floor areas and the fine reverses were free of the metallic particulates 
Alter post-exposure and light finishing for 10 minutes (which was conducted at the same time), all the plates were 
printed on Mar* Andy press aa described in Example 1. Very good printed images were obtained for the plate of 
Example 6B but poor printing was encountered for plates of Example 6A and 6C. Poor printing was the result of the 
low floor relief of the processed plate. Due to the size of the particles for the particulate material of Examples 6A and 
6C were Comparative Examples to the invention demonstrated in Example 6B. It Is believed that satisfactory results 
can be obtained with the particulate material of Comparative Examples 6A and 6C if the particulate material would be 
ground to the desired size, i.e., less than 23 microns. 

[0136] Low relief depth of (Comparative) Examples 6A and 6C could be explained by the fact that these plates had 
low density (low UV blocking capabDIty), and photopotymertzatJon of the underneath photopolymerizable areas took 
place dunng UV exposure through the particulates. In order to provide a functional UV In situ mask, the toned metallic 
particulates must have transmission density greater than 2.0. A higher toned density of particulates represents a higher 
degreeof packing of the particleson the plate surface. This was better achieved with particulates having smallerparticle 
srze volume distribution at d50 and d90 as waa demonstrated in this Example. Smaller particulate size of the thermally 
removable layer was also useful in the thermal processing step. The smaller particles were more easily removed from 
die fine reverses and between dot areas of the plate surface. The particulate having large size tended to remain on 
the plate surface and In the fine reverses after thermal processing, and detrimentally affected printing performance. 
[01371 This example also demonstrated the unexpected advantage of single processing step (thermal treatment 
only) is possible with a photopolymerizable element having a layer of metallic particulate. No additional aqueous po- 
tassium hydroxide solution was required to remove the metallic mask (by vacuum deposition) before the solvent de- 
veloper step to remove the uncrosslinked diazo layer as described in the Example 1 of US 4,132,168. This also gives 
improved overall turnaround time. 

Example 7 

[0138] The following example demonstrates an element and the process of this invention in which a coating of an 
inorganic dispersion of a filler agent and a binder form the thermally removable layer on the photopolymerizable layer 
[0139] Two stock solutions were made. Elvanol® 50-42, a 88% hydroryzed polyvinylalcohol (12% vinyl acetate), was 
dissolved in distilled water to give 4 % solution. Ludox® AM, a 30% solid of collodial silica (from DuPont Co ) was 
diluted with distilled water to give 4% solution. The average particle diameter of colloidal silica is 12 nanometers A 
very small amount of Silwet surfactant was added to both solutions. Dried silica has a melting point of 1900 °C The 
dried particles of colloidal silica are chemically inert and heat resistant. 

[0140] Two composite solutions were made from the 4% stock solutions and each was coated on 5 mil Mylar® 
polyester film with 2 mil doctor knife. The final dried coating compositions were 70% sillca/30% Elvanol 50-42 by weight 
for Example 7A and 85 % silica/1 5% Elvanol 50-42 for Example 7B. Each of the coatings for Examples 7A and 7B was 
a composite coating since the organic binder is in the discontinuous phase (that Is the binder Is less than 49% by 
weight of the total composition). For Example 7C, a third coating of only the silica stock solution was also made under 
the same conditions. 

[0141] The coatings were dried at least for overnight room temperature and then were each coating was hot laminated 
to the photopolymerizable layer of a CYREL photopolymer plate, type UXL, (67 mil). The release layer of the plate was 
removed prior to lamination of the coating. Each sample was backflashed for 15 seconds In the CYREL 2001 exposure 
unit. The temporary MYLAR sheet was removed from the samples. Correct adhesion balance was obtained for all 
samples and the coatings adhered to the tacky photopolymer surface to give tack-free surface as desired 
[0142] The samples of Examples 7A-7C were thermally processed in the same thermal processor under the same 
«5 conditions as described in Example 2. 

[0143] Surprisingly, for Example 7 B and Example 7C only one thermal cycle of heating and contacting with an 
absorbant material was necessary for the coating (I.e., thermally removable layer) to be removed with the unexposed 
photopolymerizable layer. For Example 7A,the coating was removed with the unexposed photopolymerizable layer In 
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10 



two thermal cycles. The relief depth after 1 2 cycles of heating and contacting with the absorbent material was 1 7 mils 
for Example 7A, 29 mils for Example 7B and 20 mils for Example 7C. 

[0144] Comparatively, the continuous film made from Elvanol 5042 (also from 4% solid solution and 2 mil knife 
coating) could not be used as the thermally, removable layer for a photopolymer plate when thermally processed as 
described and shown in Example 3 (Comparative Example 3B). No relief depth was obtained in the unexposed areas 
of the plate even after 1 2 cycles of heating and contacting absorbent material. 

[01451 This Example showed that it Is possible to use as the thermally removable layer an extremely high melting 
inorganic material, e.g., silica having a melting point of 1900*C, as a filler, as well as an organic binder having a high 
melting point, such as polyvinyl alcohol which degrades at 200°C, to form a composite layer on the photopolymerlzable 
layer, and yet, the photosensitive element will thermally process suitably. This demonstrated that softening and/or 
melting point limitations are not applicable to a photosensitive element having a thermally removable layer with less 
than 49 wt. % binder. 
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Example 8 

[0146] The following example demonstrates the element and the process of this invention in which the thermally 
removable layer (b) is an actinic radiation opaque layer. The radiation opaque layer is based on carbon black dispersions 
or mixtures of carbon black dispersion and organic binder. Such coatings, after application to the photopolymer plate 
surface, can be digitally Imaged and thermal processed. 

[0147] Several coating solutions were prepared. BS11548 & BS16870 are carbon black pigmented aqueous disper- 
sions from CDI Dispersions. BS 1 1548 dispersion has a total % solid of 51 % that comprises 45% pigment and 6% of 
proprietary material. BS 15870 dispersion has a 46% total solid that comprises 38% pigment and 8% proprietary ma- 
terial. Each dispersion was diluted to 4% solution with distilled water, and small amount of surfactant (Zonyf FSN) was 
added. The diluted solutions were coated onto 5 mil Mylar®temporary supports with 2 mil doctor knife. The transmission 
density of the resulting dry coatings was 3.7 and 3.1 for BS 11548 (Coating A) and BS 15870 (Coating B), respectively. 
[0148] Four more coating solutions were prepared by mixing the 4% Elvanol 50-42 (a 88% hydrolyzed polyvinyl 
alcohol (12% vinyl acetate)) stock solution (from Example 7) and the 4% BS 11548 dispersion so that the dried com- 
positions were as follows. (Elvanol 50-42 is not softenable and degrades at 200°C.) Each of the dispersions was coated 
on 5 mil MYLAR polyester film using a 2 mil doctor knife, forming Coatings C, D, E, and G. 



Coating 


Weight % Carbon 
Black 


Weight % Elvanol 
50-42 


Weight % Other 
proprietary 
material 


Transmission 
Density (visual 
filter) 


% binder per total 
binder + carbon 
black filler) 


A 


88.2 




11.8 


3.7 


0 


B 


82.8 




17.2 


3.1 


0 


C 


49 


44 


7 


2.8 


47.3 


D 


70.3 


20.5 


9.2 


3.4 


22.8 


E • 


83.8 


5 


11.2 


3.1 


5.6 


G 


25 


71.7 


3.3 


3.6 


74.1 



[0149] Another coating solution was prepared from a mixture of the 4% BS 11548 dispersion and the 4% aqueous 
solution of Klucet G, hydroxypropyl cellulose from Aqualon, with a small amount of surfactant (Zonyl FSN). (The melting 
point of KJucel G is 130°C.) This coating solution was coated with a 2 mil doctor knife onto 5 mil MYLAR polyester film. 
The resulting Coating F had a composition of 83.8% carbon black, 5 % hydroxypropyl cellulose, and 11 .2% proprietary 
material, and the transmission density measured was 2.5. 

[0150] Another coating solution was prepared from a mixture of Alcotex 552P, a colloidal dispersion in water of a 
copolymer of vinyl alcohol and vinyl acetate (55/45) (from Harco, having an estimated melting point of 1 50 to 1 80°C) 
and the carbon black dispersion and coated with a doctor knife onto polyester film to have a dried coating weight of 
17 mg/dm*. The resulting Coating H had a composition of 49% carbon black, 44% copolymer of vinyl alcohol and vinyl 
acetate, and 7% proprietary material (from dispersion), and the transmission density measured was 2.85. 
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Coating 


Weight % Carton 
Black 


Weight % Binder 


Weight % Other 
proprietary 
material 


Transmission 
Density (visual 
filter) 


% binder per total 
binder + carbon 
black filler) 


F 


83.8 


5 


11.2 


2.5 


5.6 


H 


49 


44 


7 


2.85 


47.3 
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0151] All Coatings A-H were each hot laminated to a CYREL photopolymer plate, type UXL, (67 mil), such that the 
Coating layer was on the photopolymerizable layer of the plate, forming plate samples for Examples 8A, 8B, 8C 8D 
8E, 8F, and 8H, and Comparative Example 80. The release layer of the plate had been removed prior to lamination! 
In all Examples 8A-8F, 8H. and Comparative 80, the coating layer became a radiation opaque layer. Each plate sample 
was backflash exposed of 15 seconds on the CYREL 2001 exposure unit. The MYLAR sheet (support for the Coaling) 
was removed from each plate sample. Correct adhesion balance of the coating to the photopolymerizable layer was 
observed for Examp es 8C. 8D, 8E, 8F, and 8H, and Comparative 80. The Coatings A and B had somewhat higher 
adhesion to MYLAR (temporary support) such that care was taken while removing the MYLAR so that the coating layer 
rematoed on the photopolymerizable layer. All plate samples were given an UV exposure through the radiation opaque 
(coating) layer for 9 minutes in the open air on Cyrel ® 2001 Exposure unit. 

[0152J All plate samples were thermally processed in the same thermal processor and with the same processing 
conditions as described in Example 2. A cycle or thermal cycle is the heating of the plate sample and contacting of the 
surface of the plate with an absorbent material. All radiation opaque coatings gave the desired thermal processing 
properties and good actinic radiation mask as desired for Examples 8A-8F and 8H. 



Example 


Number of Cycles to Remove Radiation Opaque Layer 


Relief Depth After 12 Cycles (mils) 


8A 


2 


26 


8B 


2 


30 


8C 


6 


17 


8D 


4 


25 


8E 


2 


24 


8F 


2 


19 


8H 


1 


23 


Comp. 8G 


>12 


0.3 



[0153] However, for the plate of Comparative Example 8G greater than 12 cycles of heating and contacting was 
required to remove the radiation opaque layer from the element Also even though the transmission density of the 
coating layer was sufficiently high (3.6) and thus provided good blocking to the UV radiation, the plate had low relief 
depth. The coating layer of Comparative Example 8G was not thermally removable and prevented the removal of the 
underiying unexposed photopolymerizable material. The coating G had greater than 40% binder (based on the total 
of binder and filler), and thus was not a discontinuous layer. 

[01 54] Further comparatively, the continuous coating layer of Elvanol 50-42 (88% hydrolyzed polyvinyl alcohol) on 
the photopolymerizable layer could not be thermally processed even in the unexposed area (no relief depth) as de- 
serted above in Example 3 (Comparative Example 3B). The continuous coating layer of Klucel Q (hydroxypropyl 
cellulose) on the photopolymerizable layer could not be thermally removed In the UV exposed area due to string for- 
mation after 12 cycles of heating and contacting absorbent material as described in Example 3 (Comparative Example 
3C). 

Example 9 

[0155] The following example demonstrates the element and process of this invention in which the thermally remov- 
able layer Is a radiation opaque layer that is on the photopolymerizable layer. 

[0156] Example 8 was repeated except that the coating solutions were made from different materials A binder so- 
lution of copolymer of vlnylpyrrolidone and vinyl acetate in a 60/40 ratio (PVP-VA- 630 from International Specialty 
Products) was dissolved as a 4 % aqueous solution with small amount of surfactant (Zonyl FSN) added. The binder 
solution was mixed with the 4% BS 11 548 carbon black dispersion of Example 8, such that the dried composition was 
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Zl 2°" "If*' V? b ?i 8 7» d 7 % ° f P ro P rie,ar y material < 4 ™ Wnder based on total of binder and carbon 
KSlTn;^ ^ ^ ^ fl ' m - ^ COaUn9 had a density of 2,5. The coating wS 

then laminated to the photopolymerizable layer of a photopolymer plate (type UXL) as described In Example 8 The 

^xamT^ 

^l^T^ZTZZ^T^ 'T 6388 ? 816 8ame ,hermal proC8ssor and undaf * a sama editions 
as described In Example 2. For the plate samples, only one thermal cycle was needed to remove the radiation opaque 

SyCS P SamP,e * a '** ,d Pr0pertleS 08 11,6 dl9ital ^ te oS*9 

Example 10 

example demonstrates the process of this invention m which the thermally removable layer is 
an acttnic radiation opaque mask that can be delivered by conventional ink jet methods or as a physical mask screen 
onto the photopolymerizable layer. fvaicw mas* screen 

J?!*?!*, Th l' nKI ! t * , !l! Sk . ( r Cept WaS Simulated by writin9 im **** 00 109 surtace <* a CVREL photopolymer plate 

ISJ ! Wttln9 . to aCh,eVe desired dens "y) 88 ^ a "=anlc radiation mask. The resulting plates wereLTV 

T^TkL i 6 « J* h J h * P^ 6 " 08 * ^P"^ * 9 minutes on a CYREL20OT exposure 
unit, backflashed for 15 seconds on the exposure unit, and then thermally processed using the Ihermal processorTnd 
S conditions as in Example 1. The masks of black ink were thermej removed after TrSrm^^ 
gave good processed image and relief as desired. »p=."i««ywana 

Kl!!U he maSk W3 ! Simulated b * attachi "9 black Otters (with pressure sensitive adhesive)(from 

°" I 8l f r ° 8 CYREL P" 010 ^^ UXL (67 mil), with and without the presence of 

liii iT ™T d b3CkflaSh eXp0SUre WaS carrted ou » as ^bed above for the Inkjet masVAfter 
removing toe physical mask letters, the plate was processed thermally to give excellent letter images with good relief 
after 12 cycles of heating and contacting absorbent material as desired. 

[0161] It is expected that other methods of forming the actinic radiation mask on the photopolymerizable layer would 
provide just as good of results as above using the thermal process. Mask Images could be done by .as^Ton 

Z^ZTZ^S£T r donor mask film ' or laminaBn9 8 mask images °" a temporary support and *" 

Example 11 

2J5L ^ foll , owin9 axam P |e demonstrates the process of this invention for digital mask exposures in which the 
layer 006 W ^ teV * 8 " Mh 818 th8rrna " y removabte la y er an <« *e photopolymerizable 

!!i $3 i, Th , 9 , f0l, ° Wi ? 9 £ e r e T' procedure was conducted after the product structures as described below were assem- 
S?„. 1? , Wa H dd 5SS ~ 20 SeCOnds °" a Ke,lie9h ^P 081 " 8 unit T" 6 t^Porary coversheet discared and 
JieplatewasplacedonaCYREL Digital Imager so that the radiation opaque layer (black coating) was facing the laser. 

1 XT , W8S ' ma9e T e t0 ,aS6r radia,i ° n M ablated * e radiaUon °P a 0,ue layer from the plate^he image 

£12 . T !, n ? 1 r9y ' eVe ' 88 d8SCrib8d ,n ^^P' 6 1 was U8ed ** *• ^aaewise laser exposure. The plate was W 
nr™ ' n 1 tn l Ke,lie 9 n ax P° su , re unit fo r 1 0 minutes in the presence of atmospheric oxygen. The plate was thermal* 
processed in toe same thermal 100OTD processor with toe same processing conditions as described in LmZ 2 

E^leT* W6re Cafried 0Ul b8f ° r8 PrinUn9 th8 P ' ate 00 the Mark ^ P* 88 88 Scribed in 

[0164] For Example 11 A. a plate structure was assembled as follows. A CYREL photopolymer plate, type HOS (67 
mils) and a LaserMask® digital imaging film (from Rexam) having a radiation opaque (black) layer of an optical density 
of 28 were laminated together. The plate structure was a temporary MYLAR coversheet. LaserMask™ opaque layer 
a release layer of Macromelt 6900 polyamide (coating weight of 24 mg/dm*), and the HOS photopolymerizable \Lr 
21 Z a T T 1 1* P boto P° lymanzabla ^ '"eluded a binder, at least one monomer and a photoiniBator. 

,K a ^ ? 0 06 aft8r b8,n9 ,8Ser 8b,ated at ener9y of 16 Joule8/cm2 - dermal processing 

photopolymer layer, and toe relief depth after 12 cycles of heating and contacting absorbent Was 23 mils Excellent 

print quality was also obtained on Mark Andy press for the postexposed and finished plate 

[0165] For Example 11 B, a plate structure was assembled as follows. A CYREL photopolymer plate, type AQS (67 
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weight of 3.0 mg/dn*; a radiation opaque layer of 16 9 oramsof B&llAurZhTi*!* • . L 7 acoa,in 9 
CDI DlsDersinn<.i c v m ^ ,„ \ 9 BS-11548 carbon black pigmented dispersion (from 

^'^ tyr8 "^ bl0Ck w navi "9 « ^nslty of 2.60, and a barrier layer of 1 00% potyarZ 

Example 12 

SS tE^SS S!^, m0n rf "! ■"•T 0 '" ° f th ' S inVenUon «* excel,e " t P^«»"9 latitude, 
unit. The DPH plate has the following structure: a permanent blue support; the DPH photooolvmerizabte tevW «m! 
P ^ 9 ™. e,aStC ™ riCbind ^^ 

of le CY^St , ( f' yamk,e ' r a «»— * A «- *«■*■ the covershee Z^l^TZ 2£ 
°-n!^£ 9 "If 96 '' and ' aSer ab,ated at 32 J/cm2 to fomi *» «*» ™>sk "nages as described^ E^moleT 

luiesj The plates were thermally treated in the same thermal processor as described in Examole 1 On« m J» ia\ 
ZE^ST* ** 12 WOWer °"- another •**• W was P—ssed for^de^rb^r/and £ 

tZSTTt* and reveree **■ fora 30 mil "^tive me of the processed pE were Jmmmd 



Plate 


Number of Cycles 


Relief Depth (mil) 


Reverse Depth (micron) 


Base Temp, °C 


Printing 


A 


12 


24 


265 


77 


Excellent 


B 


12 


24 


255 


82 


Excellent 


C 


6 


17 


268 


77 


Excellent 



! ^^ mP a,S ° Sh0W6d 8131 ^ number of thermal <w" •» wdu^slgnlflcaX(from12d^nr o «^; 

ES^*? 8 r e '! ent ^ aUa,tty h ° ld,n9 aH tonal ran " 3 ana «"* «25 r2£S dea™ E. 
Reduced number of cycles will provide a faster turnaround time for the plate. 9 ' 

Example 13 

[01 72] A photopolymerizable layer was from a CYREL photopolymer printing plate tvDe UXL 67 mils thirk in «,hi,.h 
a coversheet and a release layer were removed prior to tonlng'pariloulate niPTioZZCtX^Z 
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particle size range of 10 to llO^nTby 22? TS ° f4, ° 35 ""^ and SpartCer has 8 re P° rted 

according toourLtes«ngonmT3 Partide sire ana^sis 

as follows, in microns. ouneTO ' MU, « SE er as in Example 6, showed particulate size and volume distribution 





dIO 


d50 


d90 


Satin White 


3.16 


6.73 


13.67 


Sparker 


11.65 


30.26 


47.7 



«° *™* measured 

Plate surface as desired Example13A wIs T*?*? - * ,nd,ca «"9P"««flate adhering to the 

White particulate. Example «SC*eZ,e?t S J^^^^ 0 ^^' 6 ^ toned wi * S °«" 
ulate! The visuai densi^ *was kZZ^Ti^ou^ ^ to P^! ri2ab,e *>ned with Sparker partic- 

to Ita p^enc. o< partfcul.te, „, iL ^ ** " PM *' ■*"* «"" *» 

Example 14 

Macromeltpolyamlde (melting SS^S hZo 22. J 3 ^".^T ,a V er of 17 % black and 83% 

of 2.50. The radiation LSlW^la^^Ti??!^ ^ ° f 47 m9/dm a " d 8 «"■"•"*•»«» density 
Example 14. * V * am ' nated to the UXL P h °topolymerizable layer, forming sample element for 

a backflash exposure for 20 seSndTand a ma^ uJT^ * Sf dens,, y was ° 19 - Th* dement was given 
exposure unit The element watmemiaS *" maSk for 1 0 minutes ' **» on me Kellelgh 

tac«ngthee,ement)wasr Sdto^eTe^ 



28 



EP 1 239 329 A2 

Claims 

1. A process for making a flexographfc printing plate comprising: 

1) providing a photosensitive element comprising: 

at least one photopolymerizable layer on a support comprising an elastomeric binder, at least one mon- 
omer, and a photolnitiator, and 

at least one thermally removable layer disposed above the photopolymerizable layer, the thermally re- 
movable layer selected from the group consisting of 

(a) an actinic radiation opaque layer comprising (i) at least one Infrared absorbing material, (ii) a 
radiation opaque material, wherein (i) and (il) can be the same or different, and at least one binder 
having a softening or melting temperature less than 190 °C; 

(b) a layer of a composition comprising at least one binder and filler, wherein the binder is less than 
49% by weight based on the total weight of the binder and filler, and 

(c) a layer of particulate material having particle size of less than 23 micrometers; 

2) imagewise exposing the photopolymerizable layer to actinic radiation forming polymerized portions and 
20 unpolymerized portions; and 

3) thermally treating the element of step 2) by heating to a temperature sufficient to remove the thermally 
removable layer and to remove the unpolymerized portions of the photopolymerizable layer and form a relief. 
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2. The process of Claim 1 wherein the thermally removable layer selected from b) and c) is a release layer. 



3. 



The process of Claim 1 wherein the thermally removable layer selected from b) and c) is an actinic radiation opaque 
layer. 



4. The process of Claim 3 wherein the thermally removable layer b) further comprises (i) at least one infrared ab- 
sorbing material, (ii) a radiation opaque material, wherein (i) and (ii) can be the same or different 

5. The process of Claim 3 wherein the thermally removable layer c) is radiation opaque and the particulate material 
can be a radiation opaque material, both a radiation opaque and infrared absorbing material, or combinations 
thereof. 

6. The process of Claim 1 wherein the thermally removable layer completely covers the photopolymerizable layer. 

7. The process of Claim 3 wherein the thermally removable layer is a mask layer having radiation opaque areas 
further comprising the step of forming the mask layer imagewise from the thermally removable layer selected fror^ 

40 a), b), or c), prior to step 2). 

8. The process of Claim 7 wherein forming the mask comprises applying the thermally removable layer imagewise 
to the photopolymerizable layer. 



9. The process of Claim 7 wherein forming the mask comprises applying as a complete covering layer the thermally 
removable layer to the photopolymerizable layer, and imagewise removing the thermally removable layer, 

10. The process of Claim 7 wherein forming the mask comprises forming a carrier element having the thermally re- 
movable layer as the imagewise mask on a temporary support, laminating the carrier element to the photopolym- 
erizable layer such that the thermally removable layer is disposed above a surface of the photopolymerizable layer 
opposite the support, and removing the temporary support. 

11. The process of Claim 7 wherein forming the mask comprises delivering imagewise the thermally removable layer 
by ink jet methods. 7 

12. The process of Claim 7 wherein the thermally removable layer is also sensitive to infrared radiation and forming 
the mask comprises: 
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forming a carrier element having the thermally removable layer on a substrate; 

placing the carrier element onto the photopolymerizaWe layer such that the thermally removable layer Is dis- 
posed above a surface of the photopolymerizaWe layer opposite the support 

imagewlse exposing with Infrared radiation the thermally removable layer to selectively change the adhesion 
balance of the thermally removable layer to substrate of the carrier element; and 
removing the substrate with portions of the thermally removable layer. 

13 ' to^^pZ herein the thermally removable layer Is also sensitive to Infrared radiation and forming 

placing a first element comprising at least the thermally removable layer on a substrate so that the thermally 
removable layer Is In contact with or disposed above a surface of the photopolymerizaWe layer opposite the 
support, 

imagewiso exposing with infrared laser radiation the thermally removable layer to selectively transfer portions 
of the thermally removable layer to the photopotymerizaWe layer; and 
separating the first element with portions of the thermally removable layer. 

14. The process of Claim 7 wherein the thermally removable layer is also sensitive to infrared radiation and forming 
the mask comprises: * 

imagewlse exposing with infrared laser radiation the thermally removable layer to selectively ablate portions 
of the thermally removable layer from the photopolymerizable layer. 

15. The process of Claims 12, 13, and 14 wherein the infrared laser radiation is between 760 to 1064 nm. 

16. The process of Claims 12, 13, and 14 further comprising impinging the infrared laser radiation on the thermally 
removable layer or through the support side of the photosensitive element 

17. The Process of Claim 16 wherein the infrared laser radiation impinges the support side of the photosensitive ele- 
ment and further comprising locating a material capture element adjacent to the photosensitive element on a side 
opposite the support side to capture ablated portions of the thermally removable layer. 

18. The process of Claim 3 wherein the imagewlse exposing step 2) occurs in the presence of atmospheric oxygen. 

19. The process of Claim 3 wherein the photosensitive element further comprises an additional layer between the 
Germany removable layer and the photopolymerizable layer, the additional layer being thermally removable at the 
treating temperature, and composed of materials selected from the group consisting of: polyamide, polyethylene 
oxide, polypropylene oxide, polyethylene wax, natural waxes, synlhetic waxes, polypropylene, polyethylene, co- 
polymers of styrene and acrylic polymers, copolymers of vinylpyrrolidone and vinyl acetate, copolymers of vinyl 
alcohol and vinyl acetate, polyacetate, copolymers of ethylene and acetate, and combinations thereof. 

20. The process of Claim 1 wherein the photosensitive element further comprises an adhesion-modifying layer on the 
thermally removable layer, the adhesion-modifying layer being thermally removable at the treating temperature 
and composed of materials selected from the group consisting of. polyamide. natural waxes, synthetic waxes,' 
polyprpy ene, polyethylene, copolymers of polyvinylpyrrolidone and vinyl acetate, amphoteric interpolymers, and 
combinations thereof. 

21. The process of Claim 1 wherein the photosensitive element further comprises at least one more additional layer 
selected from the group consisting of: 

release layer, adhesion-modifying layer, barrier layer, and surface modifying layer, wherein the at least one 
more additional layer is transparent to actinic radiation. 

22. TJeprocessofClaimlw^ 

?l P °l am l 6 !' P 01 ^ 6 ™ oxide - Polypropylene oxide, ethylcellulose, hydroxyethyl cellulose, cellulose acetate 
Birtyrate, ethylene-propylene-dlene terpotymers. copolymers of ethylene and vinyl acetate, copolymers of vinyl 
ace a e and vinyl alcohol, copolymers of vinyl acetate and pyrrolldone. polyvinyl acetate, polyethylene wax. poly- 
acetal, polybutyral. polyalkylene, polycarbonates, polyester elastomers, cyclic rubber, copolymers of styrene and 



30 



EP 1239 329 A2 



butyrate, ethylene-propylene-dlene ^nl ethylc f '^°f e ' "Vdroxyethyl cellulose, cellulose acetate 

acetate and vinyl afcoh*, c^e^K^^ ?* acetate . ^ers of vinyl 

acata.. polybutyral, polyalkvlene, po^^^ZT^^ TH^ ^Vlene wax, poly- 

atate, copolymers of styrene and LLeTc^C^ lZTl 31™* °' **** and V,n * ao " 
of8 V™eandbutadiene.mermoplasticblockc^^^ 

pclychloroprene. butyl rubber niWIe rutoTZ^ u , andlsoprene, polylsobutylene, polybutadlene 

v^acetate and (a^ate^et^ ^oSffi^^^ C,,C ^ 

styrene terpolymer, alkyl methacrylarpolymeTor ™Z2r meth acry1ate-butadiene- 

polymers of styrene and maJe.c LydSe ZSZSriS SS * Tf! ind ma ' e,C anhydrid9 ' co " 

acids, m etal alkali sattsofr^y(rneth^ica^LS a,COh ° ! - P°Wmelh)acfyllc 

etate, nitrocellulose, polylmides.polyes^^ 

™eandmemacrv1iS 

cMoroWfluoroamylane, ethywld chlorci^^^^ IS"" 
25. The process of Calm 24 where.n the ffller has a particle size of less than 23 micrometers, 

29. The process of Claim 1 wherein the thermally removable laver (b\ is canahi- „r « 

Porbons of the photopo^merlzab.e layer to melt, Zttt,^ * UnMP °" d 

30. The process of Claim 1 wherein the thermally removable layer is (a). 

31. The process of Claim 1 wherein the thermally removable layer is (b). 

32. The process of Claim 1 wherein the thermally removable layer Is (c). 

3 \™Xe^ 

^ ~ r («) ^ neater than 51 % by we,h«, 

3 ^:.t^^^ 
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37. The process of Claim 36 further comprising applying pressure of 0.70 kilograms per square centimeter to about 
7.03 kilograms per square centimeter during contacting the element and the absorbant material. 

38. The process of Claim 36 further comprising applying pressure of 2.11 kilograms per square centimeter and about 
4.92 kilograms per square centimeter during contacting the element and the absortant material. 

39. The process of Claim 1 wherein the thermal treating is heating the photosensitive element above about 40>C. 

40. The process of Claim 39 wherein the thermal treating is heating the photosensitive element to between 100 and 
200°C. 

41. The process of Claim 36 wherein the heating of the photosensitive element and the contacting of the element with 
the absortant material defines a cycle, and wherein the treating step comprises more than one cycle. 

42. The process of Claim 41 wherein for each cycle the treating temperature and the pressure independently can be 
the same or different 

. 43. The process of Claim 2 wherein imagewise exposing further comprises: 

placing a phototool imaged film on the thermally removable layer, exposing through the phototool with actinic 
radiation to selectively image the photopolymerizable layer, and 
removing the phototool prior to the step 3). 

44. The process of Claim 2 wherein imagewise exposing further comprises: 

placing at least one template having radiation opaque portion on the thermally removable layer, 
exposing through the template with actinic radiation to selectively image the photopolymerizable layer, and 
removing the at least one template prior to step 3). 

45. The process of Claim 3 further comprising ablating the actinic radiation opaque layer from the photopolymerizable 
layer, to form an in situ mask on the photopolymerizable layer prior to the imagewise exposing step 2). 

46. The process of Claim 1 wherein at least 90 percent of the particulate (c) have the particle size of an equivalent 
spherical diameter of less than 23 micrometers. 

47. The process of Claim 1 wherein at least 50 percent of the particulate (c) have the particle size of an equivalent 
spherical diameter of less than 17 micrometers. 

48. The process of Claim 1 wherein the thermally removable layer is present prior to the imagewise exposing step 2). 

49. Ihe process of Claim 3 wherein the thermally removable layer is radiation opaque and is present during the im- 
agewise exposing step. 

50. The process of Claim 1 wherein the at least one thermally removable layer is less than 50 micrometers thick. 

51. A photosensitive element for use as a flexographic printing plate comprising: 

at least one photopolymerizable layer on a support comprising an elastomerlc binder, at least one monomer 
and a photolnitiator, wherein the photopolymerizable layer in an unexposed state is capable of melting, sof- 
tening, or flowing at a treating temperature of at least 40°C, and 

at least one thermally removable layer disposed above the photopolymerizable layer, wherein the thermally 
removable layer comprises at least one binder and a filler, wherein the binder is less than 49% by weight based 
on the total weight of the binder and filler. 

52. The photosensitive element of Claim 51 wherein the thermally removable layer has a thickness less than 50 mi- 
crometers, 

53. The photosensitive element of Claim 51 wherein the thermally removable layer is an actinic radiation opaque layer. 
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54. The photosensitive element of Claim 51 wherein the binder of the Ihermally removable layer is selected from the 
group consisting of: polyamldes. polyethylene oxide, polypropylene oxide, ethylcellulose, hydroxyethyl cellulose, 
cellulose ace ate butyrate, ethylene-propylene-diene terpolymers, copolymers of ethylene and vinyl acetate, co^ 
polymers of vinyl acetate and vinyl alcohol, copolymers of vinyl acetate and pyrrolldone, polyvinyl acetate, poly- 
ethylene wax polyacetal, polybutyral, polyalkylene, polycaibonates, polyester elastomer, copolymers of vinyl chlo- 
ride and vinyl acetate, copolymers of styrene and butadiene, copolymers of styrene and Isoprene, thermoplastic 
block copolymers of styrene and butadiene, thermoplastic block copolymers of styrene and isoprene. polyisobuty- 
lene, polybutadtene, polychloroprene, butyl rubber, nitrlle rubber, thermoplastic polyurethane elastomer, cyclic rub- 
bers copolymers of vinylacetate and (acrylate or methacrylate), acrylonltrile-butadiene-styrene terpolymer, meth- 
acrylate-butadiene-styrene terpolymer. alkyl methacrylate polymer or coppolymer. copolymers of styrene and 
malelc anhydride, copolymers of styrene and maleic anhydride partially esterifled with alcohols, polyvinyl alcohol, 
poly(meth)acrylic acids, metal alkali salts of poly(meth)aciylic acids, amphoteric Interpolymers, hydroxyalkyl ce^ 
lulose, cellulose acotate.nitrocellulose,polylmldes. polyesters 

copdymers of styrene and methacrylic acid, poiyvlnyl chloride, polyesters, polyacrylamlde. copolymers of imides 
and amides, potychlorotrifluoroethylene. ethylene and chlorotrifluroethylene copolymer, polytetra fluoroethylene 

of vinylidene fluonde and hexafluoropropylene. and combinations thereof. 
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